Novel Macrocycles and Uses Thereof 


Priority Informa tion 
This application is a continuation-in-part of and claims priority under 35 U.S.C. § 120 to 
5 U.S. Patent Application, USSN 09/938,754, filed August 25, 2001, which claims priority under 
35 U.S.C. § 119(e) to U.S. Provisional Patent Application, USSN 60/228,277, filed August 25, 
2000, entitled "Concise Asymmetric Synthetic Method for Generation of Radicicol Analogs and 
Radicicol Conjugates", and U.S. Provisional Patent Application, USSN 60/304,553, filed July 
11, 2001, entitled "Concise Asymmetric Synthetic Methods for Generation of Monocillin, 
10 Radicicol and Their Analogs and Conjugates". The entire contents of each of these applications 
are hereby incorporated by reference in their entirety. 

Government Support 
The present invention was made with support from a grant from the National Institutes of 
15 Health (Number CA-28824; Samuel J. Danishefsky). Additionally, the present invention was 
made with support from a grant from the United States Army Breast Cancer Research Program 
(Xudong Geng). Therefore, the government may have certain rights in the invention. 

Background of the Invention 
20 Many natural products, usually bacterial metabolites, feature a macrolide fused to a 

monocyclic benzenoid matrix, bearing a resorcinol-like substitution pattern. Not infrequently, 
the resorcinol moiety carries additional functionality, resulting in higher levels of oxidation. 
Natural products in this family (cf. inter alia radicicol (Delmotte, P.; Delmotte-Plaquee, J. Nature 
1953, 171, 344; incorporated herein by reference), LL-Z-1640s (McGahren, W. J. J. Org. Chem. 
25 1978, 43, 2339-2343; which is incorporated herein by reference), monocillins (Ayer, W. A.; Lee, 
S. P.; Tsuneda, A.; Hiratsuka, Y. Can. 1 Microb. 1980, 26, 766-773; incorporated herein by 
reference), nordinone (Ayer, W. A.; Pena-Rodriguez, L. Phytochemistry 1987, 26, 1353-1355; 
incorporated herein by reference) and zearelenone (Sugawara, F.; Kim, K. W.; Kobayashi, K.; 
Uzawa, J.; Yoshida, S.; Murofushi, N.; Takahashi, N.; Strobel, G. A. Phytochemistry 1992, 31, 
30 1 987-1 990; incorporated herein by reference) possess potentially exploitable patterns of 
antitumor, antibiotic, and antimalarial activity. 
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Radicicol(Delmotte et al Nature 1953, 171, 344; Ayer et al Canad. 1 Microbiol 1980, 
26, 766) (1) and monocillin I (Ayer et al Canad J. Microbiol 1980, 26, 766) (2) are resorcylic 
macrolides which can both be isolated from Monocillium nordinii (Ayer et al Canad. J, 
Microbiol 1980, 26, 766) (Figure 1). While the skeletal structure of radicicol was determined in 
5 1964, (McCapra et al Tetrahedron Lett 1964, 869; Mirrington et al Tetrahedron Lett 1964, 
365) its relative and absolute stereochemical configuration was not unambiguously established 
until 1987 (Cutler et al Agric. Biol Chem. 1987, 51, 3331). The structure of monocillin I was 
confirmed by its direct conversion into radicicol. Affirmation of these structures was achieved 
by their only total synthesis through the efforts of Lett and Lampilas (Lampilas et al 

10 Tetrahedron Lett 1992, 33, 773 and 777). 

Both radicicol (1) and monocillin I (2) (see Figure 1) exhibit a variety of antifungal and 
antibiotic properties not shared by other members of this class of natural products. Recently, the 
antitumor properties of radicicol have come into focus as its ability to suppress the transformed 
phenotype caused by various oncogenes such as src, ras, and rafhzs been linked to its tight 

15 binding (20 nM) and inhibition of the Hsp90 molecular chaperone (Roe et al J. Med. Chem. 
1999, 42, 260-266). This 'anti-chaperone' activity may stimulate depletion of oncogenic 
proteins, and could therefore be of clinical interest. Specifically, occupancy of the ATP binding 
pocket of Hsp90 is believed to lead to the degradation in the proteasome of a subset of proteins 
involved in signal transduction that require Hsp90 for conformational maturation (see, Schneider 

20 et al Proc. Natl Acad Sci. USA 93: 14536-14541, 1996; Mimnaugh et al J. Biol Chem. 271: 
22796-22801, 1996; Whitesell et al Mol Endocrinol 10: 705-712, 1996). These proteins 
include the HER and insulin receptor families of tyrosine kinases, Raf-1 serine kinase and steroid 
receptors to name a few. Downregulation of any of these would be expected to have positive 
antiproliferative effects, so that Hsp90 is an attractive target for the development of antitumor 

25 drugs. 

More recently, five new 14-membered resorcyclic macrolides, termed aigailomycins A-E, 
were isolated from the marine mangrove fungus Aigialus parvus BCC53 1 1 (Isaka, M.; 
Suyamsestakorn, C; Tanticharoen, M.; Kongsaeree, P.; Thebtaranonth, Y. J. Org. Chem. 2002, 
67, 1561-1566; incorporated herein by reference). Among the aigailomycins, aigailomycin D 
30 exhibits potent antimalarial activity (IC50: 6.6 fxg/mL against P. falciparum) and antitumor 
activity (IC50: 3.0 jig/mL against KB cells) (Isaka, M.; Suyamsestakorn, C; Tanticharoen, M.; 
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Kongsaeree, P.; Thebtaranonth, Y. J. Org. Chem. 2002, 67, 1561-1566; incorporated herein by 
reference). 

The demonstrated ability of radicicol to bind to and inhibit the activity of Hsp90 has 
generated an interest in further exploring the biological and pharmacological activity of radicicol 
5 and analogues thereof. Significantly, to date, only one synthesis of radicicol itself has been 

recorded (Lampilas et al Tetrahedron Lett 1992, 33, 773 and 777). Other groups have accessed 
a variety of analogues from the natural product itself (see, US Patent 5,650,430; US Patent 
5,731,343; US Patent 6,239,168; US Patent 5,977,165; and US Patent 5,597,846; each of which 
is incorporated herein by reference), but have been limited in the range of analogues that can be 
10 generated. Thus, there remains a need to develop a practical synthesis of radicicol and other 
resorcyclic macrolides to generate novel analogs and conjugates to explore novel biological and 
pharmacological activities, and to improve the stability and therapeutic efficacy of radicicol, 
monocillin, and aigialomycins in the treatment of cancer. 


1 5 Description of the Dra wing 

Figure 1 depicts structures of Monocillin I (2), Radicicol (1) and Geldanamycin (3). 

Figure 2 depicts two strategies for the synthesis of radicicol (1) and monocillin (2). 

Figure 3 depicts the synthetic strategy for the construction of the chiral allylic alcohol. 

Figure 4 depicts the synthetic strategy for the construction of intermediate (18). 
20 Figure 5 depicts the synthetic strategy for the construction of intermediate (7) via a 

Mitsunobou esterification. 

Figure 6 depicts a synthetic strategy for the synthesis of radicicol (1) and monocillin (2). 

Figure 7 depicts the synthesis of a variety of chiral components (28), (30) and (32). 

Figure 8 depicts the synthesis of dithiane fragment (34). 
25 Figure 9 depicts the synthesis of a variety of benzoic acid components (35), (36), (37) 

and (38). 

Figure 10 depicts the generation of diversity at aromatic positions in the macrocycle. 
Figure 1 1 depicts the synthesis of a variety of analogues (40), (42), (44) and (46). 
Figure 12 depicts the synthesis of a variety of analogues (48), (50), (52) and (54). 
30 Figure 13 depicts the synthesis of the chiral cyclopropyl moiety (30) and generation of 

intermediate (39). 
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Figure 14 depicts the synthetic scheme for cyclopropyl-monocillin I (2c) and 
cyclopropyl-radicicol (40). 

Figure 15 depicts the synthesis of a variety of inventive conjugates. 

Figure 16 depicts the synthesis of a variety of inventive conjugates. 

Figure 17 depicts the results of MCF7 cells (HER2 overexpressed, Rb positive) treated 
with radicicol and analogues. 

Figure 18 depicts the results of BT474 cells (HER2 overexpressed, Rb positive) treated 
with radicicol and analogues. The gels demonstrate reduction of HER2 levels over a range of 
concentrations. 

Figure 19 depicts the growth of MCF7 cells (HER2 overexpressed, Rb positive) treated 
with radicicol and analogues. 

Figure 20 depicts the ability of radicicol and cyclopropyl radicicol to inhibit breast cancer 
cells with wild type Rb and small cell lung cancer cells with defective Rb function. 

Figure 21 depicts the growth curve for N417 cells (Rb negative cell line) for radicicol and 
analogues thereof. 

Figure 22 shows the effect of cycloproparadicicol in nude mice bearing human mammary 
carcinoma MX-1 xenograft (Q2Dx7, iv injection). 

Figure 23 shows the effect of cycloproparadicicol on body weight. 

Figure 24 shows the effect of cycloproparadicicol on HER2 degradation. 

Figure 25 lists the IC50S of various radidicicol analogues on growth inhibition in different 
tumor cell lines. 

Figure 26 shows the effect of four different cycloproparadicicol analogues on the 
degradation of HER2 

Figure 27 depicts the structure of difluoro-cycloproparadicicol. 

Description of the Invention 
In recognition of the need to develop novel and effective cancer therapies, the present 
invention provides novel synthetic methodologies enabling access to macrocycles having a broad 
range of biological and pharmacological activity. In certain embodiments, the inventive 
compounds are useful in the treatment of cancer. In certain other embodiments of special 
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interest, the compounds are useful for the treatment of cancers comprising Rb negative cancer 
cells. 

1) General Description of Compounds of the Invention 
5 The compounds of the invention include compounds of the general formula (II) as further 

defined below: 



10 wherein 

Ro is hydrogen, halogen, cyano, -OR z , -N(R Z ) 2 , -SR Z , -0(C=0)R z , -N(R z )(C=0)(R z ), - 
C(0)R z , -C(0)OR z , -CON(R z ) 2 , -OC0 2 R z , or an aliphatic, heteroaliphatic, aiyl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R z is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
15 moiety 

Ri is hydrogen, halogen, cyano, -OR A , -N(R A ) 2 , -SR A , -0(C=0)R A , -N(R A )(C=0)(R A ), 
-C(0)R A , -C(0)OR A , -CON(R A ) 2 , -OC0 2 R A , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R A is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
20 moiety; 

R 2 is hydrogen, halogen, cyano, -OR B , -N(R B ) 2 , -SR B , -0(CO)R B , -N(R B )(C=0)(R B ), 
-C(0)R B , -C(0)OR B , -CON(R B ) 2 , -OC0 2 R B , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R B is independently hydrogen, a 
protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
25 moiety; 

R 3 is hydrogen, halogen, cyano, -ORc, -N(Rc) 2 , -SRc, -0(CO)Rc, -N(Rc)(C=0)(Rc), 
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-C(0)Rc, -C(0)ORc, -CON(Rc) 2 , -OC0 2 Rc, or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of Rc is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

5 R4 is hydrogen, halogen, cyano, -OR D , -N(R D ) 2 , -SR D , -0(C=0)R D , -N(R D )(C=0)(R D ), 

-C(0)R D , -C(0)OR D , -CON(R d ) 2 , -OC0 2 R D , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of Rd is independently hydrogen, a 
protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

10 Z is O, S, or NRe, wherein Re is hydrogen, a protecting group, an aliphatic, 

heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, or ORf, wherein Rp is 
hydrogen, a protecting group, an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety; 

X is O, S or NRg, wherein Rg is hydrogen or lower alkyl; 

R7 

Rs x /\ A Rs \ A A Rs \ A A 

15 A and B together represent — V > \Z — V 9 \Z — V f 

-CHRs-CHR^-, -CR5=CR6-, wherein R5 and R$ are each independently hydrogen, halogen, 
cyano, -ORj, -N(Rj) 2 , -SRj, -0(C==0)Rj, -0(S=0)Rj ,-N(Rj)(C=0)(Rj), -C(=0)Rj, -C(=0)ORj, 
-CON(Rj) 2 , -OC0 2 Rj, -OS(=0)ORj or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 

20 group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R 7 is hydrogen, a protecting group, -ORk, -SRk, -C(0)ORk, -C(0)NRk, -S(0) 2 R k , - 
0(O0)Rk> -N(Rk)(C=0)(R k ), -C(0)Rk, -C(0)ORk, -CON(Rk) 2 , -OC0 2 RK,or an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 
of R K is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 

25 heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHR 5 - 

CHR$-, R 5 and Re taken together represent a substituted or unsubstituted 3-7 membered aliphatic, 
heteroaliphatic, aryl or heteroaryl ring; 

R 8x /\ / 9 R 8v A / 9 A / R9 

D and E together represent X/ V , N/ V , 8s v/ \/ , 
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-CHR8-CHR9-, -CRg^CRr, wherein Rg and R9 are each independently hydrogen, halogen, 
cyano, -ORj, -N(Rj) 2 , -SRj, -0(O0)Rj, -0(S=O)Rj ,-N(Rj)(C=0)(Rj), -C(=0)Rj, -C(=0)ORj, 
-CON(Rj) 2 , -OC0 2 Rj, -OS(=0)ORj or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 
5 group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R ]0 is hydrogen, a protecting group, -ORk, -SRk, -C(0)OR K , -C(0)NRk, -S(0) 2 R k , - 
0(<>0)Rk, -N(Rk)(C=0)(R k ), -C(0)R k , -C(0)ORk, -CON(Rk) 2 , -OC0 2 Rft,or an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of 
R K is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
10 heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHRg- 

CHR9-, R9 and R9 taken together represent a substituted or unsubstituted 3-7 membered aliphatic, 
heteroaliphatic, aryl or heteroaryl ring; 

R 13 

R nv /\ / 12 R "v /°\ A R n\ A A 
G and J together represent \£ — V , nz — V , \£ — V , 

-CHRii-CHRi 2 -, -CRn^CR^-, wherein Rn and R ]2 are each independently hydrogen, halogen, 

15 cyano, -ORj, -N(Rj) 2 , -SRj, -0(C=0)Rj, -0(S=0)Rj ,-N(Rj)(C=0)(Rj), -C(=0)Rj, -C(=0)ORj, 

-CON(Rj) 2 , -OC0 2 Rj, -OS(=0)ORj or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 

alkylheteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 

group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 

wherein R ]3 is hydrogen, a protecting group, -OR K , -SR K , -C(0)ORk, -C(0)NRk, -S(0) 2 R k , - 

20 0(C=0)Rk, -N(Rk)(C=0)(R k ), -C(0)Rk, -C(0)ORk, -CON(Rk) 2 , -OC0 2 Rk, or an aliphatic, 

heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 

of Rk is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 

heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHRi 1- 

CHRi 2 -, Rn and Ri 2 taken together represent a substituted or unsubstituted 3-7 membered 

25 aliphatic, heteroaliphatic, aryl or heteroaryl ring; 

R16 

r 14v /\ / 15 r 14v A / 15 R Hv A / 15 
K and L together represent ^_A/ , , X/ V , 

-CHR14-CHR15-, -CRi4=CRis-, wherein R14 and R ]5 are each independently hydrogen, halogen, 

cyano, -ORj, -N(Rj) 2 , -SRj, -0(C=0)Rj, -0(S=0)Rj ,-N(Rj)(C-0)(Rj), -C(=0)Rj, -C(=0)ORj, 
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-CON(Rj) 2 , -OC0 2 Rj, -OS(=0)ORj or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 
group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R 16 is hydrogen, a protecting group, -OR K > -SR K , -C(0)ORk, -C(0)NRk, -S(0) 2 Rk, - 
5 0(C=0)Rk, -N(Rk)(O0)(Rk), -C(0)R k , -C(0)ORk, -CON(Rk) 2 , -OC0 2 R k , or an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 
of Rk is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHR14- 
CHR15-, R14 and R15 taken together represent a substituted or unsubstituted 3-7 membered 
10 aliphatic, heteroaliphatic, aryl or heteroaryl ring; 

whereby each of the foregoing aliphatic and heteroaliphatic moieties may independently 
be substituted or unsubstituted, cyclic or acyclic, or branched or unbranched, and each aryl, 
heteroaryl, alkylaryl, and alkylheteroaryl moiety may be substituted or unsubstituted; and 

pharmaceutically acceptable derivatives thereof. 

15 

In certain other embodiments of the invention the compounds are subject to one or more, 
or all of the following limitations: 

if Z is O; if X is O; if Ro is methyl; if A and B together are -CR4=CR 5 - and R 5 and R$ are 
20 each hydrogen; if D and E together are -COH=COH-; if G and J together are -CH 2 -CH 2 - ; if K 
and L together are -CH=CH-; if Ri is hydrogen; and if R3 is hydrogen; 

then R 2 and R4 are each not -ORb, wherein Rb is hydrogen or an alkyl, alkoxy, alkenyl, 
alkenyloxy, alkynyl, aryl, aryloxy, heterocycle, cycloalkyl, cycloalkenyl, or cycloalkenyl fused 
to an aryl group. 

25 

In certain embodiments of the invention, the genuses or subclasses of compounds of the 
invention exclude aigailomycins A-E. 

30 2) Featured Classes of Compounds 
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It will be appreciated that for compounds as generally described above, certain classes of 
compounds are of special interest. For example, one class of compounds of special interest 
includes those compounds having the structure of formula (II) in which Z and X are each O, and 
the compound has the structure: 



and Ri, R2, R3, R4, A-B, D-E, G-J, and K-L are as defined above and in subclasses herein. 

Another class of compounds of special interest consists of compounds having the 
1 0 structure of formula (I) in which Z is O and X is NRg, and the compound has the structure: 



and Ri, R2, R3, R4, Rg, A-B, D-E, G-J, and K-L are as defined above and in subclasses 


15 herein. 


Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which G and J together represent -CH2-CH2- and the compound has 
the structure: 
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and Ri, R2, R3, R4, Z, X, A-B, D-E, and K-L are as defined above and in subclasses 

herein. 

Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which A and B together represent -CH=CH- and the compound has the 
structure: 


and Ri 5 R2, R3, R4, Rs> R$, Z, X, D-E, G-J, and K-L are as defined above and in 
subclasses herein. 

Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which K and L together represent -CH=CH- and the compound has the 
structure: 




R i Sj /G ^e /D 
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and Ri, R2, R3, R4, Z, X, A-B, D-E, and G-J are as defined above and in subclasses 

herein. 


Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which D and E together represent -CHOH=CHOH- and the compound 
has the structure: 


and Ri, R 2 , R3, R4, R7, Z, X, A-B, G-J, and K-L are as defined above and in subclasses 

herein. 

Another class of compounds of special interest consists of compounds having the 

structure of formula (I) in which the compound has the structure: 

R 4 Z ■ 


and R3, R 2 , R3, R4, Z, and X are as defined above and in subclasses herein. In certain 
embodiments, Z is oxygen and X is NRg, wherein Rq is defined above. In other embodiments, Z 
is oxygen an X is NH. 

Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which the compound has the structure: 



OH 
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and Z, X, A-B, D-E, G-J, and K-L are as defined above and in subclasses herein. In 
certain embodiments, R D and R B are each hydrogen. 

Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which the compound has the structure: 



and Rd> Rb, A-B, D-E, G-J, and K-L are as defined above and in subclasses herein. 


Another class of compounds of special interests consists of compounds having the 
structure of formula (T) in which the compound has the structure: 



and Ri, R 2 , R3, and R4 are as defined above and in subclasses herein. 


Another class of compounds of special interest consists of compounds having the 
structure of formula (I) in which the compound has the structure: 
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OH 

and Rc and Rd are as defined above and in subclasses herein. In certain embodiments, 
R D and Rc are each hydrogen. 

5 Another class of compounds of special interest consists of compounds having the 

structure of formula (I) in which the compound has the structure: 



and Ri, R 2 , R3, R4, Rj, Z, and X are as defined above and in subclasses herein. In certain 
embodiments, Z is oxygen and X is oxygen. In other embodiments, Z is oxygen and X is NH. 

10 

The following structures illustrate several exemplary types of compounds of these 
classes. Others will be readily apparent to the reader. 
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A number of important subclasses of each of the foregoing classes deserve separate 
mention; these subclasses include subclasses of the foregoing classes in which: 

i) Z and X are each O; 

ii) Z is O and X is NH; 

iii) A and B together are a trans carbon-carbon double bond; 

iv) A and B together are a carbon-carbon single bond; 

v) D and E together are -CHOH-CHOH-; 
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vi) J and G together are a carbon-carbon single bond; 

vii) K and L together are a trans carbon-carbon double bond; 

viii) R 2 and R4 are each independently hydrogen, halogen, cyano, -ORj, -N(Rj) 2 , -SRj, 
-0(C=0)Rj, -0(S=0)Rj, -N(Rj)(C=0)(Rj), or -OC0 2 Rj, -OS0 2 Rj, and each occurrence 

5 of Rj is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl moiety; 

ix) R 2 and R4 are each independently hydroxy; 

x) D and E together are -CHR 8 -CHR 9 -; 

xi) D and E together are -CRg=CR9-; 
10 xii) Ri and R 3 are each hydrogen; 

xiii) G and J together are -CHRi 0 -CHR n -; 

xiv) G and J together are -CRio=CRn-; 

xv) Rio and Ri 1 are each hydrogen; 

xvi) ZisO; 
15 xvii) ZisS; 

xviii) X is S; 

xix) XisNRc; 

xx) X is O; 

xxi) Ri is hydrogen, halogen, lower alkyl, lower heteroalkyl, lower alkylaryl, lower 
20 alkylheteroaryl, or N(R A ) 2 , wherein each occurrence of R A is independently hydrogen, a 

protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety and R 3 is hydrogen, halogen, lower alkyl, lower heteroalkyl, lower alkylaryl, lower 
alkylheteroaryl, or -N(Rc) 2 , wherein each occurrence of Rc is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
25 moiety; 

xxii) Ri and R 3 are each independently halogen, hydrogen, or lower alkyl; 

xxiii) R 2 is hydrogen, halogen, -OR B , -N(R B ) 2 , -SR B , -0(C=0)R B , -N(R B )(C=0)(R B ), 
-C(0)R B , -C(0)OR B , -CON(R B ) 2 , -OC0 2 R B , or lower alkyl, lower heteroalkyl, lower alkylaryl, 
lower alkylheteroaryl, wherein each occurrence of R B is independently hydrogen, a protecting 

30 group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
R4 is hydrogen, halogen, -OR D , -N(R D ) 2 , -SR D , -0(C=0)R D , -N(R D )(C=0)(R D ), 
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-C(0)R D , -C(0)OR d , -CON(R d ) 2 » -OC0 2 R d , or lower alkyl, lower heteroalkyl, lower alkylaryl, 
lower alkylheteroaryl, wherein each occurrence of R D is independently hydrogen, a protecting 
group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety; 

xxiv) R 2 is hydrogen or -ORb, wherein each occurrence of Rr is independently 

5 hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, and R4 is hydrogen or -ORd, wherein each occurrence of R D is 
independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety; 

xxv) Ro is hydrogen or aliphatic; 
10 xxvi) Ro is methyl; 

xxvii) K and L together are a cis carbon-carbon double bond. 

In certain embodiments of the compounds described above, Ri and R3 are each 
independently halogen, hydrogen, or lower alkyl; R 2 is hydrogen or -ORb, wherein each 
15 occurrence of R B is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, 
aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and R4 is hydrogen or -ORd, wherein each 
occurrence of R D is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, 
aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety. 

20 Some of the foregoing compounds can exist in various isomeric forms. The invention 

encompasses the compounds as individual isomers substantially free of other isomers and 
alternatively, as mixtures of various isomers, e.g., racemic mixtures of stereoisomers, cis and 
trans isomers. The invention also encompasses tautomers of specific compounds as described 
above. In addition to the above-mentioned compounds per se, this invention also encompasses 

25 pharmaceutical^ acceptable derivatives of these compounds and compositions comprising one 
or more compounds of the invention and one or more pharmaceutically acceptable excipients or 
additives. 

Compounds of this invention which are of particular interest include those which: 
30 • exhibit cytotoxic or growth inhibitory effect on cancer cell lines maintained in vitro or in 

animal studies using a scientifically acceptable cancer cell xenograft model; 
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exhibit cytotoxic or growth inhibitory effect on cancer cell lines comprising Rb negative 
cells; 

exhibit antimalarial activity; 
exhibit antibacterial activity; 

bind to and/or inhibit the Hsp90 family of chaperones; 

exhibit cytotoxic or growth inhibitory effect on cancer cell lines comprising Rb positive 
cells. 


This invention also provides a pharmaceutical preparation comprising at least one of the 
10 compounds as described above and herein, or a pharmaceutically acceptable derivative thereof, 
which compounds are capable of inhibiting the growth of or killing cancer cells, and, in certain 
embodiments of special interest are capable of inhibiting the growth of or killing cancer cells. 

The invention further provides a method for inhibiting tumor growth and/or tumor 
15 metastasis. The method involves the administration of a therapeutically effective amount of the 
compound or a pharmaceutically acceptable derivative thereof to a subject (including, but not 
limited to a human or animal) in need of it. In certain embodiments, the inventive compounds 
are useful for the treatment of solid tumors. In still other embodiments of interest, the inventive 
compounds are useful for the treatment of glioblastoma, retinoblastoma or small cell lung cancer, 

20 

3) Compounds and Definitions 

As discussed above^ this invention provides novel compounds with a range of biological 
properties. Compounds of this invention have biological activities relevant for the treatment of 
diseases or other disorders such as proliferative diseases, including, but not limited to cancer. 
25 More generally, the compounds are useful in the regulation of the cell cycle pathway. 

Compounds of this invention include those specifically set forth above and described 
herein, and are illustrated in part by the various classes, subgenera and species disclosed 
elsewhere herein. 

It will be appreciated by one of ordinary skill in the art that asymmetric centers may exist 
30 in the compounds of the present invention. Thus, inventive compounds and pharmaceutical 

compositions thereof may be in the form of an individual enantiomer, diastereomer or geometric 
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isomer, or may be in the form of a mixture of stereoisomers. In certain embodiments, the 
compounds of the invention are enantiopure compounds. In certain other embodiments, a 
mixtures of stereoisomers or diastereomers are provided. 

Additionally, the present invention provides pharmaceutically acceptable derivatives of 
5 the inventive compounds, and methods of treating a subject using these compounds, 
pharmaceutical compositions thereof, or either of these in combination with one or more 
additional therapeutic agents. The phrase, "pharmaceutically acceptable derivative", as used 
herein, denotes any pharmaceutically acceptable salt, ester, or salt of such ester, of such 
compound, or any other adduct or derivative which, upon administration to a patient, is capable 

10 of providing (directly or indirectly) a compound as otherwise described herein, or a metabolite or 
residue thereof. Pharmaceutically acceptable derivatives thus include among others pro-drugs. 
A pro-drug is a derivative of a compound, usually with significantly reduced pharmacological 
activity, which contains an additional moiety which is susceptible to removal in vivo yielding the 
parent molecule as the pharmacologically active species. An example of a pro-drug is an ester 

15 which is cleaved in vivo to yield a compound of interest. Pro-drugs of a variety of compounds, 
and materials and methods for derivatizing the parent compounds to create the pro-drugs, are 
known and may be adapted to the present invention. Certain exemplary pharmaceutical 
compositions and pharmaceutically acceptable derivatives will be discussed in more detail herein 
below. 

20 Certain compounds of the present invention, and definitions of specific functional groups 

are also described in more detail below. For purposes of this invention, the chemical elements 
are identified in accordance with the Periodic Table of the Elements, CAS version, Handbook of 
Chemistry and Physics, 75 th Ed., inside cover, and specific functional groups are generally 
defined as described therein. Additionally, general principles of organic chemistry, as well as 

25 specific functional moieties and reactivity, are described in "Organic Chemistry", Thomas 

Sorrell, University Science Books, Sausalito: 1999, the entire contents of which are incorporated 
herein by reference. Furthermore, it will be appreciated by one of ordinary skill in the art that 
the synthetic methods, as described herein, utilize a variety of protecting groups. By the term 
"protecting group", has used herein, it is meant that a particular functional moiety, e.g., O, S, or 

30 N, is temporarily blocked so that a reaction can be carried out selectively at another reactive site 
in a multifunctional compound. In preferred embodiments, a protecting group reacts selectively 
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in good yield to give a protected substrate that is stable to the projected reactions; the protecting 
group must be selectively removed in good yield by readily available, preferably nontoxic 
reagents that do not attack the other funcational groups; the protecting group forms an easily 
separable derivative (more preferably without the generation of new stereogenic centers); and the 
5 protecting group has a minimum of additional functionality to avoid further sites of reaction. As 
detailed herein, oxygen, sulfur, nitrogen and carbon protecting groups may be utilized. 
Exemplary protecting groups are detailed herein, however, it will be appreciated that the present 
invention is not intended to be limited to these protecting groups; rather, a variety of additional 
equivalent protecting groups can be readily identified using the above criteria and utilized in the 
10 method of the present invention. Additionally, a variety of protecting groups are described in 
"Protective Groups in Organic Synthesis" Third Ed. Greene, T.W. and Wuts, P.G., Eds., John 
Wiley & Sons, New York: 1999, the entire contents of which are hereby incorporated by 
reference. 

It will be appreciated that the compounds, as described herein, may be substituted with 

1 5 any number of substituents or functional moieties. In general, the term "substituted" whether 
preceded by the term "optionally" or not, and substituents contained in formulas of this 
invention, refer to the replacement of hydrogen radicals in a given structure with the radical of a 
specified substituent. When more than one position in any given structure may be substituted 
with more than one substituent selected from a specified group, the substituent may be either the 

20 same or different at every position. As used herein, the term "substituted" is contemplated to 
include all permissible substituents of organic compounds. In a broad aspect, the permissible 
substituents include acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, 
aromatic and nonaromatic substituents of organic compounds. For purposes of this invention, 
heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible 

25 substituents of organic compounds described herein which satisfy the valencies of the 

heteroatoms. Furthermore, this invention is not intended to be limited in any manner by the 
permissible substituents of organic compounds. Combinations of substituents and variables 
envisioned by this invention are preferably those that result in the formation of stable compounds 
useful in the treatment, for example of proliferative disorders, including, but not limited to 

30 cancer. The term "stable", as used herein, preferably refers to compounds which possess 

stability sufficient to allow manufacture and which maintain the integrity of the compound for a 
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sufficient period of time to be detected and preferably for a sufficient period of time to be useful 
for the purposes detailed herein. 

The term "aliphatic", as used herein, includes both saturated and unsaturated, straight 
chain (z.e., unbranched), branched, cyclic, or polycyclic aliphatic hydrocarbons, which are 
5 optionally substituted with one or more functional groups. As will be appreciated by one of 
ordinary skill in the art, "aliphatic" is intended herein to include, but is not limited to, alkyl, 
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, and cycloalkynyl moieties. Thus, as used herein, the 
term "alkyl" includes straight, branched and cyclic alkyl groups. An analogous convention 
applies to other generic terms such as "alkenyl", "alkynyl" and the like. Furthermore, as used 
10 herein, the terms "alkyl", "alkenyl", "alkynyl" and the like encompass both substituted and 

unsubstituted groups. In certain embodiments, as used herein, "lower alkyl" is used to indicate 
those alkyl groups (cyclic, acyclic, substituted, unsubstituted, branched or unbranched) having 1- 
6 carbon atoms. 

In certain embodiments, the alkyl, alkenyl and alkynyl groups employed in the invention 

15 contain 1-20 aliphatic carbon atoms. In certain other embodiments, the alkyl, alkenyl, and 
alkynyl groups employed in the invention contain 1-10 aliphatic carbon atoms. In yet other 
embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-8 
aliphatic carbon atoms. In still other embodiments, the alkyl, alkenyl, and alkynyl groups 
employed in the invention contain 1-6 aliphatic carbon atoms. In yet other embodiments, the 

20 alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-4 carbon atoms. 

Illustrative aliphatic groups thus include, but are not limited to, for example, methyl, ethyl, n- 
propyl, isopropyl, cyclopropyl, -CH 2 -cyclopropyl, allyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 
cyclobutyl, -CH 2 -cyclobutyl, n-pentyl, sec-pentyl, isopentyl, tert-pentyl, cyclopentyl, -CH 2 - 
cyclopentyl, n-hexyl, sec-hexyl, cyclohexyl, -CH 2 -cyclohexyl moieties and the like, which again, 

25 may bear one or more substituents. Alkenyl groups include, but are not limited to, for example, 
ethenyl, propenyl, butenyl, l-methyl-2-buten-l-yl, and the like. Representative alkynyl groups 
include, but are not limited to, ethynyl, 2-propynyl (propargyl), 1-propynyl and the like. 

The term "alkoxy", or "thioalkyl" as used herein refers to an alkyl group, as previously 
defined, attached to the parent molecular moiety through an oxygen atom or through a sulfur 

30 atom. In certain embodiments, the alkyl group contains 1-20 alipahtic carbon atoms. In certain 
other embodiments, the alkyl group contains 1-10 aliphatic carbon atoms. In yet other 
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embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-8 
aliphatic carbon atoms. In still other embodiments, the alkyl group contains 1-6 aliphatic carbon 
atoms. In yet other embodiments, the alkyl group contains 1-4 aliphatic carbon atoms. Examples 
of alkoxy, include but are not limited to, methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, tert- 
5 butoxy, neopentoxy and n-hexoxy. Examples of thioalkyl include, but are not limited to, 
methylthio, ethylthio, propylthio, isopropylthio, n-butylthio, and the like. 

The term "alkylamino" refers to a group having the structure -NHR 1 wherein R f is alkyl, 
as defined herein. In certain embodiments, the alkyl group contains 1-20 aliphatic carbon atoms. 
In certain other embodiments, the alkyl group contains 1-10 aliphatic carbon atoms. In yet other 
10 embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-8 

aliphatic carbon atoms. In still other embodiments, the alkyl group contains 1-6 aliphatic carbon 
atoms. In yet other embodiments, the alkyl group contains 1-4 aliphatic carbon atoms. Examples 
of alkylamino include, but are not limited to, methylamino, ethylamino, iso-propylamino and the 
like. 

15 Some examples of substituents of the above-described aliphatic (and other) moieties of 

compounds of the invention include, but are not limited to aliphatic; heteroaliphatic; aryl; 
heteroaryl; alkylaryl; alkylheteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; 
arylthio; heteroalkylthio; heteroarylthio; F; CI; Br; I; -OH; -N0 2 ; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; - 
CH 2 OH; -CH 2 CH 2 OH; -CH 2 NH 2 ; -CH 2 S0 2 CH 3 ; -C(0)R x ; -C0 2 (R x ); -CON(R x ) 2 ; -OC(0)R x ; - 

20 OC0 2 R x ; -OCON(R x ) 2 ; -N(R X ) 2 ; -S(0) 2 R x ; -NR x (CO)R x wherein each occurrence of R x 

independently includes, but is not limited to, aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, 
or alkylheteroaryl, wherein any of the aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl 
substituents described above and herein may be substituted or unsubstituted, branched or 
unbranched, cyclic or acyclic, and wherein any of the aryl or heteroaryl substituents described 

25 above and herein may be substituted or unsubstituted. Additional examples of generally 

applicable substituents are illustrated by the specific embodiments shown in the Examples that 
are described herein. 

In general, the terms "aryl" and "heteroaryl", as used herein, refer to stable mono- or 
polycyclic, heterocyclic, polycyclic, and polyheterocyclic unsaturated moieties having preferably 
30 3-14 carbon atoms, each of which may be substituted or unsubstituted. Substituents include, but 
are not limited to, any of the previously mentioned substitutents, i.e., the substituents recited for 
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aliphatic moieties, or for other moieties as disclosed herein, resulting in the formation of a stable 
compound. In certain embodiments of the present invention, "aryl" refers to a mono- or bicyclic 
carbocyclic ring system having one or two aromatic rings including, but not limited to, phenyl, 
naphthyl, tetrahydronaphthyl, indanyl, indenyl and the like. In certain embodiments of the 
5 present invention, the term "heteroaryl", as used herein, refers to a cyclic aromatic radical having 
from five to ten ring atoms of which one ring atom is selected from S, 0 and N; zero, one or two 
ring atoms are additional heteroatoms independently selected from S, O and N; and the 
remaining ring atoms are carbon, the radical being joined to the rest of the molecule via any of 
the ring atoms, such as, for example, pyridyl, pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, 

10 imidazolyl, thiazolyl, oxazolyl, isooxazolyl, thiadiazolyl, oxadiazolyl, thiophenyl, furanyl, 
quinolinyl, isoquinolinyl, and the like. 

It will be appreciated that aryl and heteroaryl groups (including bicyclic aryl groups) can 
be unsubstituted or substituted, wherein substitution includes replacement of one, two or three of 
the hydrogen atoms thereon independently with any one or more of the following moieties 

15 including, but not limited to: aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; 
alkylheteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; arylthio; 
heteroalkylthio; heteroarylthio; F; CI; Br; I; -OH; -N0 2 ; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; 
-CH 2 CH 2 OH; -CH 2 NH 2 ; -CH 2 S0 2 CH 3 ; -C(0)R x ; -C0 2 (R x ); -CON(R x ) 2 ; -OC(0)R x ; -OC0 2 R x ; - 
OCON(R x ) 2 ; -N(R X ) 2 ; -S(0) 2 R x ; -NR x (CO)R x wherein each occurrence of R x independently 

20 includes, but is not limited to, aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 

alkylheteroaryl, wherein any of the aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl 
substituents described above and herein may be substituted or unsubstituted, branched or 
unbranched, cyclic or acyclic, and wherein any of the aryl or heteroaryl substituents described 
above and herein may be substituted or unsubstituted. Additional examples of generally 

25 applicable substitutents are illustrated by the specific embodiments shown in the Examples that 
are described herein. 

The term "cycloalkyl" as used herein, refers specifically to groups having three to seven, 
preferably three to ten carbon atoms. Suitable cycloalkyls include, but are not limited to 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like, which, as in the case 
30 of other aliphatic, heteroaliphatic or hetercyclic moieties, may optionally be substituted with 
substituents including, but not limited to aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; 
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alkylheteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; arylthio; 
heteroalkylthio; heteroarylthio; F; CI; Br; I; -OH; -N0 2 ; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; 
-CH 2 CH 2 OH; -CH 2 NH 2 ; -CH 2 S0 2 CH 3 ; -C(0)R x ; -C0 2 (R x ); -CON(R x ) 2 ; -OC(0)R x ; -OC0 2 R x ; - 
OCON(R x ) 2 ; -N(R X ) 2 ; -S(0) 2 R x ; -NR x (CO)R x wherein each occurrence of R x independently 
5 includes, but is not limited to, aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl, wherein any of the aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl 
substituents described above and herein may be substituted or unsubstituted, branched or 
unbranched, cyclic or acyclic, and wherein any of the aryl or heteroaryl substituents described 
above and herein may be substituted or unsubstituted. Additional examples of generally 
1 0 applicable substitutents are illustrated by the specific embodiments shown in the Examples that 
are described herein. 

The term "heteroaliphatic", as used herein, refers to aliphatic moieties which contain one 
or more oxygen, sulfur, nitrogen, phosphorus or silicon atoms, e.g., in place of carbon atoms. 
Heteroaliphatic moieties maybe branched, unbranched, cyclic or acyclic and include saturated 

1 5 and unsaturated heterocycles such as morpholino, pyrrolidinyl, etc. In certain embodiments, 
heteroaliphatic moieties are substituted by independent replacement of one or more of the 
hydrogen atoms thereon with one or more moieties including, but not limited to aliphatic; 
heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; alkoxy; aryloxy; heteroalkoxy, 
heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; CI; Br; I; -OH; -N0 2 ; -CN; - 

20 CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; -CH 2 CH 2 OH; -CH 2 NH 2 ; -CH 2 S0 2 CH 3 ; -C(0)R x ; -C0 2 (R x ); - 
CON(R x ) 2 ; -OC(0)R x ; -OC0 2 R x ; -OCON(R x ) 2 ; -N(R X ) 2 ; -S(0) 2 R x ; -NR x (CO)R x wherein each 
occurrence of R x independently includes, but is not limited to, aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl, wherein any of the aliphatic, heteroaliphatic, alkylaryl, 
or alkylheteroaryl substituents described above and herein may be substituted or unsubstituted, 

25 branched or unbranched, cyclic or acyclic, and wherein any of the aryl or heteroaryl substituents 
described above and herein may be substituted or unsubstituted. Additional examples of 
generally applicable substitutents are illustrated by the specific embodiments shown in the 
Examples that are described herein. 

The terms "halo" and "halogen" as used herein refer to an atom selected from fluorine, 

30 chlorine, bromine and iodine. 
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The term "haloalkyl" denotes an alkyl group, as defined above, having one, two, or three 
halogen atoms attached thereto and is exemplified by such groups as chloromethyl, bromoethyl, 
trifluoromethyl, and the like. 

The term "heterocycloalkyl" or "heterocycle", as used herein, refers to a non-aromatic 5-, 
5 6- or 7- membered ring or a polycyclic group, including, but not limited to a bi- or tri-cyclic 
group comprising fused six-membered rings having between one and three heteroatoms 
independently selected from oxygen, sulfur and nitrogen, wherein (i) each 5-membered ring has 
0 to 1 double bonds and each 6-membered ring has 0 to 2 double bonds, (ii) the nitrogen and 
sulfur heteroatoms may be optionally be oxidized, (iii) the nitrogen heteroatom may optionally 

1 0 be quatemized, and (iv) any of the above heterocyclic rings may be fused to a benzene ring. 
Representative heterocycles include, but are not limited to, pyrrolidinyl, pyrazolinyl, 
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, oxazolidinyl, 
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, and tetrahydrofuryl. In certain 
embodiments, a "substituted heterocycloalkyl or heterocycle" group is utilized and as used 

1 5 herein, refers to a heterocycloalkyl or heterocycle group, as defined above, substituted by the 
independent replacement of one, two or three of the hydrogen atoms thereon with but are not 
limited to aliphatic; heteroaliphatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl; alkoxy; aryloxy; 
heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; CI; Br; I; - 
OH; -N0 2 ; -CN; -CF 3 ; -CH 2 CF 3 ; -CHC1 2 ; -CH 2 OH; -CH 2 CH 2 OH; -CH 2 NH 2 ; -CH 2 S0 2 CH 3 ; - 

20 C(0)R x ; -C0 2 (R x ); -CON(R x ) 2 ; -OC(0)R x ; -OC0 2 R x ; -OCON(R x ) 2 ; -N(R X ) 2 ; -S(0) 2 R x ; - 
NR x (CO)R x wherein each occurrence of R x independently includes, but is not limited to, 
aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl, wherein any of the 
aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described above and herein 
may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic, and wherein any 

25 of the aryl or heteroaryl substituents described above and herein may be substituted or 

unsubstituted. Additional examples of generally applicable substitutents are illustrated by the 
specific embodiments shown in the Examples which are described herein. 

4) Synthetic Methodology 
30 Access to resorcyclic macrolides such as radicicol and monocillin was previously limited 

to compounds accessed via the natural products (see, for example, US Patent 5,650,430; US 
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Patent 5,731,343; US Patent 6,239,168; US Patent 5,977,165; and US Patent 5,597,846; each of 
which is incorporated herein by reference). An efficient and practical synthesis of radicicol and 
monociliin was previously described in USSN 09/938,754, filed August 25, 2001, which is 
incorporated herein by reference. In recognition of the need for a more efficient and practical 
5 route to this class of therapeutic agents, the present invention also provides novel synthetic 
methodologies for the synthesis of radicicol, monociliin, and analogues thereof as well as 
aigialomycins and analogues thereof. Although the synthesis of radicicol and aigialomycin D is 
described specifically herein directly below (and in the Examples), it will be appreciated that this 
methodology is generally applicable to the generation of analogues and conjugates as discussed 
10 in more detail after the discussion of the synthesis of radicicol and aigialomycin D. 

a) Synthesis of Radicicol and Monociliin : 

As described in more detail below, a novel synthetic route to radicicol and monociliin has 
been developed, which methodology allows for the efficient generation of a variety of analogues 
15 of radicicol, monociliin, homodimers, heterodimers, and conjugates thereof. 

The underlying general scheme for this new synthesis of radicicol is shows in the scheme 
below, which is directed to the synthesis of cycloproparadicicol. The central element of the 
synthesis is the production of an "ynolide" intermediate, which is prepared by olefin metathesis, 
and its reaction with a diene via a Diel- Alder cycloaddition to form the benzo-fused macrolide. 


20 



The same general approach has also been used to synthesize compounds of the invention 
including aigialomycin D as shown below. 
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b) General Synthetic Methodology : 
5 This new synthetic methodology provides for the rapid synthesis of a variety of 

analogues of radicicol, monocillin, dimers, and conjugates thereof. It will be appreciated that the 
ability to rapidly generate a range of analogues is important because it is believed that in vivo 
activity is lost due to certain structural characteristics of radicicol and monocillin. For example, 
it is postulated that in vivo activity is lost due to the nucleophilic action of cellular thiols (i.e. 

10 glutathione) on either the epoxide or the a,(3 unsaturated ketone of radicicol. This nucleophilic 
addition changes the overall conformation of radicicol, and results in an inability to bind to 
Hsp90. A second likely pathway of deactivation involves the conjugation of the aromatic ring, or 
perhaps cytochrome P-450 oxidation. 

Without wishing to be bound by any particular theory, one strategy to restore in vivo 

1 5 activity would be to reduce the affinity of radicicol to nucleophiles such as thiols, specifically to 
deactivate electrophilic sites in radicicol. Here care must be taken not to dramatically change the 
overall conformation of the natural product. Thus these analogues have been designed to 
attenuate electrophilicity with simple alterations to the structure that should not affect the overall 
conformation. It should be emphasized that the analogues as described using the methodology 

20 herein cannot be made from the natural product. The three component nature of the synthetic 
process described above and described more generally below emphasizes the ability to generate 
numerous analogues by the modification of one component and its incorporation into a short and 
efficient process. 

In general, the method involves the synthesis of analogues from four easily obtainable 
25 and diversifiable components. Depicted below is a general retrosynthetic strategy for the 
synthesis of analogues: 
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It should be noted that these analogs can be generated either with a single modification, 
or they may be combined in a single entity to maximize their benefit if they are found to be 
synergistic. It will also be appreciated, as described in more detail herein, that each of the 
components can be diversified prior to formation of the macrocycle, or alternatively or 
additionally, can be diversified after formation of the macrocycle. 

As depicted generally below, the synthesis of analogues can be carried out in a similar 
fashion to the synthesis of radicicol and monocillin as described above. The synthesis of the 
acyclic alkynoic ester is shown below: 



OTBS 6 


OTBS 8 


Reagents and conditions: (a) (i) Zn, THF, 66%; (b) TBSC1, imidazole, DMAP, CH 2 C1 2 , 100%; 
(c) BuLi, -78 °C; then C0 2 ; (d) DIAD, Ph 3 P, THF, -20 °C, 47% (two steps). 

The resulting triene 8 is then treated with dicobalt carbonyl to complex with the 
acetylene. The combalt complex 14 is then cyclized under ring closing metathesis conditions to 
form 15. The cobalt is then removed to give 16. 

^ H 

8 — *~ L C H. 
(OCJaCo^ 

(OCJsCo OTBS 




14 


(OC) 3 Co ,: 

(OC) 3 Co OTBS 
15 



OTBS 


Reagents and conditions: (a) Co 2 (CO) 8 , PhMe, 100%; (b) 2 nd genera-tion Grubbs catalyst (25 
mol%), CH 2 C1 2 (0.2 mM), 45 °C, 57%; (c) I 2 , THF, 0 °C, 69%. 
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The resulting ynolide 16 is then reacted with a diene using a Diels-Alder cycloaddition to 
yield 17, which is then oxidized and chlorinated to give the desired product, cycloproparadicicol 

(2). 

H 




OTBS 
i ,_R = H17 



GH,r- x = H19 

X = CI2 


5 Reagents and conditions: (a) 12, 140 °C, neat, 75%; (b) ^J>™^™™ 

THF; (d) Dess-Martin periodinane, CH 2 C1 2 , 68% (two steps); (e) 5% NaHC0 3 /MeOH, 92 /o, (f) 

S0 2 C1 2 , CH2CI2, 0 °C, 61%. 

This basic approach can be used to prepare a variety of benofused macrolactones, 
10 including aigialomycin D. First the ring closing metathesis precurusor is made starting from D- 
2-deoxyribose. 


f^-^vQH a> fy^°H_b, 
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z) 2-methoxypropene^-TSA, DMF, 3 h, 62%; b) KHMDS, Ph 3 P + CH 3 T THF, -78 C to r.t, 10 
h 6M^mFeJ, DMAP, CH 2 C1 2 , 10 h, 90%; d) 9-BBN, THF, 0 °C to r.t 4 h, then 
Ioh h o H,b 2 5 h 88%; e) S0 3 -Pyr., DMSO, CH 2 C1 2 , Et 3 N, 0 °C, 1 h; f) propargyl 

SS^ ot"-^ 2 h; g/lBS^ 2 « ^ 0 ^»^S5a 
NaOMe/MeOH, 10 h, 88%; i) S0 3 -Pyr., DMSO, CH 2 C1 2 , Et 3 N 0 C, 2 h, then KHMDS 
Ph 3 P + CH 3 r, THF, -78 °C to r.t., 10 h, 86% for two steps; j) BuLi, dry ice, -78 C to r.t., I n, K) 4, 
DIAD, PPh 3 , tol.,10 h, 85% for two steps. 


The precursor is treated with dicobalt hexacarbonyl, and the resulting cobalt-complex is cyclized 
using a ring closing metathesis reaction. 
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a fc (OC) 3 Co; 
(OCJ3C0' 

o—K. 

21 I 


CI/ 

(OC) 3 Co^l I 
(OC) 3 Co^S % ^ — 


TBSO 


so^^y; 0 

O— K 


23 

a) Co 2 (CO) 8 , tel., 30 min, 94%; b) 2 nd generation Grubbs catalyst (25 mol%), CH 2 C1 2 , 10 h, 23A, 
38%; 23B, 42%. 

The marocycle was then decomplexed and reacted with disiloxydiene to yield a benzo-fused 
macrocycle. The styrene double bond was installed, and the protecting groups were removed to 
yield aigialomycin D. 
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o^o 


(OC) 3 Co 
(OC) 3 Co 


M0M0 



MOMO O 


.£ R = TBS,25; 
d > R=H,26. 



HO O 



MOMO ( , 

OH 

aigialomycin D (1) 

a). CAN, acetone, -10 °C, 15 min, 7A, 94%; 7B 95%; b). 8 ! neat, 140« 'C, 36 h, 24A^4%; 24B, 
84%; c) koMCl, DEPEA, CH 2 C1 2 , 10 h, 25A, 78%; 25B , 83%; d) HF-pyr., pyr THF 10 h 
26A 78%; 26B, 87%; e) [PhC(CF 3 ) 2 0] 2 SPh 2 , CH 2 C1 2 , 0 °C to r.t, 2 h, from 26A to 27, 90 /o, 
from 26B to 27, 84%; f) 0.5 N HC1, H 2 0/MeOH, 2 d, 69%. 

Thus, in addition to providing cycloproparadicicol as described above and herein, the 
present invention additionally provides a method for the synthesis of compounds having the 
general structure (I): 
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(I) 

wherein 

Rj i s hydrogen, halogen, an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, or N(R A ) 2 , wherein each occurrence of R A is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

R 2 is hydrogen, halogen, cyano, -OR B , -N(R B ) 2 , -SRb, -0(C=0)R b , -N(R b )(C=0)(R b ), 
-C(0)R b , -C(0)OR b , -CON(R b ) 2 , -OC0 2 R b , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R B is independently hydrogen, a 
protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety, 

R 3 is hydrogen, halogen, an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, or -N(Rc) 2 , wherein each occurrence of Rc is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

R4 is hydrogen, halogen, cyano, -OR D , -N(R D ) 2 , -SR D , -0(C=0)R D , -N(R D )(C=0)(R D ), 
-C(0)R D , -C(0)OR d , -CON(R d )2, -OC0 2 R D> or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R D is independently hydrogen, a 
protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

Z is O, S or NR E , wherein R E is hydrogen, a protecting group, an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, or OR F , wherein R F is 
hydrogen, a protecting group, an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 

alkylheteroaryl moiety; 

X is O, S or NRq, wherein Rq is hydrogen or lower alkyl; 
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t ^ *nA/' "'-^v 6 , 

A and B together represent ^ 

-CHR5-CHR6-, -CR 5 =CR6-, wherein R 5 and R« are each independently hydrogen, halogen, 
cyano, -OR,, -N(R j)2 , -SR„ -0(C=0) Rj , -0(S=0) Rj .-N^XOOXR^ -C(=0)R, -C(=0)0 Rj> 
-CON(R,) 2 , -OC0 2 Rj, -OS(=0)OR, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 

5 alkylheteroaryl moiety, wherein each occurrence of R, is independently hydrogen, a protecting 
group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R 7 is hydrogen, a protecting group, -ORk, -SRk, -C(0)ORk, -C(0)NR k , -S(0) 2 Rk, - 
0(C=0)Rk, -N(Rk)(C=0)(Rk), -C(0)Rk, -C(0)ORk, -CON(Rk) 2 , -OC0 2 R,c,or an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 

10 of Rk is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHR 5 - 
CHR5-, R 5 and Re taken together represent a substituted or unsubstituted 3-7 membered aliphatic, 
heteroaliphatic, aryl or heteroaryl ring, 

D and E together represent -CHR8-CHR9-, -CR 8 =CR 9 -, wherein Rg and R 9 are each 

1 5 independently hydrogen or lower alkyl; 

G and J together represent -CHR,o-CHR„-, -CR 10 =CR ir , wherein R 10 and R„ are each 

independently hydrogen or lower alkyl; 

K and L together represent C=0, C=S, CH-CH3, CH-CH(R L ) 2 , C=C(R L ) 2 , -CH 2 -, 
-C(-S(CH 2 ) 3 S-)-, CH-OR L , CH-SR L , CH-N(R l ) 2 , CH-N(R l )(C=0)(Rl), C=N-0-R l , CH-N=0, 

20 C=C(R L )-N(R L ) 2 , C=N-R L , ON-N(R L ) 2 , or, if the dotted line - represents a bond, whereby a 
double bond is present, then K and L together represent C-N(R L ) 2 , wherein each occurrence of 
R L is independently hydrogen, a protecting group, an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, or two occurrences of R L taken together represent a 3 to 7- 
membered cyclic aliphatic, heteroaliphatic, aromatic or heteroaromatic moiety; 

25 whereby each of the foregoing aliphatic and heteroaliphatic moieties may independently 

be substituted or unsubstituted, cyclic or acyclic, or branched or unbranched, and each aryl, 
heteroaryl, alkylaryl, and alkylheteroaryl moiety may be substituted or unsubstituted; 
wherein one or any two of R,. Ra, Ra, Rb. Ra. Rc. R* Rd. Rs, R«. Rj. or R L are optionally a linker 
covalently bonded to a compound selected from the group consisting of radicicol, monocillin, 

30 analogues of radicicol and monocillin, geldanamycin, analogues of geldanamycin, and steroids, 
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said method comprising: 

(1) reacting an acidic component having the structure: 


C0 2 H 



OR L 


wherein R L , J, and G are as defined above, with a chiral component having the structure: 


HO. /\ a /B^^ 


wherein A and B are as defined above, in the presence of an esterification reagent to 
generate an intermediate having the structure: 



OR L 


(2) complexing the intermediate with a cobalt, such as dicobalt hexcarbonyl, to yield a 
structure: 


(OC) 3 Co^ 



Co 

(CO) 3 OR L 


(3) cyclizing the combalt complex in the presence of an olefin metathesis catalyst to 
generate the compound: 
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(OC) 3 Co" 
(OC) 3 C6' 



0R L 


(4) removing the cobalt to form a ynolide; 

(5) reacting the alkyne moiety of the ynolide with a diene under cyclcoaddition 
conditions to generate the compound: 



10 


R 2 ; and 

(6) optionally further reacting the macrocycle with one or more reagents to diversify and 
optionally deprotecting the macrocycle to generate a compound having the formula (I). 

Thus, in addition to providing aigialomycin D as described above and herein, the present 
invention additionally provides a method for the synthesis of compounds having the general 
structure (Ha): 



(Ila) 


15 wherein 

Ro is hydrogen, halogen, cyano, -OR z , -N(R Z ) 2 , -SR Z , -0(C=O)R z , -N(R z )(C=0)(R z ), - 
C(0)R Z , -C(0)OR z , -CON(R z ) 2 , -OC0 2 R Z , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylary'l, or alkylheteroaryl moiety, wherein each occurrence of R z is independently hydrogen, 
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protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety 

Rj is hydrogen, halogen, cyano, -OR A , -N(R A ) 2 , -SR A , -0(C=0)R a , -N(R a )(C=0)(R a ), 
-C(0)R A , -C(0)OR A , -CON(R A ) 2 , -OC0 2 R A , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R A is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

R 2 is hydrogen, halogen, cyano, -OR B , -N(R B ) 2 , -SRb, -0(C=0)R b , -N(R b )(C=0)(R b ), 
-C(0)R B , -C(0)OR B , -CON(R B ) 2 , -OC0 2 R B , or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R B is independently hydrogen, a 
protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

R 3 is hydrogen, halogen, cyano, -ORc, -N(Rc) 2 , -SRc, -0(C=0)Rc, -N(Rc)(C=0)(Rc), 
-C(0)Rc, -C(0)ORc, -CON(Rc) 2 , -OC0 2 Rc, or an aliphatic, heteroaliphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of Rc is independently hydrogen, a 
protecting group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

R4 is hydrogen, halogen, cyano, -OR D , -N(R D ) 2 , -SR D , -0(C=0)R D , -N(R D )(C=0)(R D ), 
-C(0)R D , -C(0)OR d , -CON(R d ) 2 , -OC0 2 R d> or an aliphatic, heteroaUphatic, aryl, heteroaryl, 
alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of R D is independently hydrogen, a 
protecting group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl 
moiety; 

Z is 0, S, or NR E , wherein R E is hydrogen, a protecting group, an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, or 0R F , wherein Rf is 
hydrogen, a protecting group, an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety; 

X is O, S or NRq, wherein Ro is hydrogen or lower alkyl; 

^^Z 6 "t^A/** "t^X/* 

A and B together represent ^ v » » 

-CHR5-CHR6-, -CR 5 =CR6-, wherein R 5 and Re are each independently hydrogen, halogen, 
cyano, -OR,, -N(R,) 2 , -SRj, -0(C=0)R;, -0(S=0)R, .-NCRjXCK))^), -C(=0)Rj, -C(=0)OR,, 
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C0N(Rj)2 -OC0 2 R„ -0S(O)0R, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkymeteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 
group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R 7 is hydrogen, a protecting group, -OR. -SRk, -C(0)ORk, -C(0)NRk, -S<0),R,c, - 

5 OtOORK, -N(RkXC=0)(Rk), -C(0)R,c, -CCOORk, -CON(Rk) 2 , -OC0 2 R^ or an ahphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 
of Rk is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represeni -CHR 5 - 
CHR&-, R S and R* taken together represent a substituted or unsubstituted 3-7 membered ahphatic, 

10 heteroaliphatic, aryl or heteroaryl ring, 

Rio 

D and E together represent — v , 

CHR 8 -CHR 9 - -CR8=CR 9 -, wherein R 8 and R 9 are each independently hydrogen, halogen, 
cyano, -OR, -N( Rj ) 2 , -Sfc. -0(C=0) Rj , -0(S=0) Rj ,-N(R 3 )(C=0)(R,), -C(=0)R;, -C(=0)OR J( 
-CONCR^, -OC0 2 Rj, -OS(=0)OR, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, wherein each occurrence of R, is independently hydrogen, a protecting 
group or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R 10 is hydrogen, a protecting group, -OR* -SR* -C(0)ORk, -C(0)NRk, -S(0) 2 Rk, - 
0(C=0)Rk, -N(Rk)(C=0)(Rk), -C(0)Rk, -C(0)ORk, -CON(Rk) 2 , -OCO^or an aliphaUc, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence of 
R K is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHR*- 
CHR 9 -, R 9 and R 9 taken together represent a substituted or unsubstituted 3-7 membered ahphatic, 
heteroaliphatic, aryl or heteroaryl ring; 

R-13 

, R "\Zv Rl2 R "xA/ ,! Ri, ^v 12 , 

G and J together represent — v , 

-CHR„-CHR 12 -, -CR„=CR 12 -, wherein R„ and R 12 are each independently hydrogen, halogen, 
cyano, -OR, -N(R j)2 , -SR, -0(C=0) Rj , -0(S=0) Rj .-N^XC-CXRi). -C(=0)R Js -C(=0)OR, 
-CON(R;) 2 , -OC0 2 R;, -0S(=0)0R, or an aliphatic, heteroaUphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 
group, or an aliphatic, heteroaUphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 


15 


20 


25 
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wherein R 13 is hydrogen, a protecting group, -OR* -SR* -C(0)ORk, -C(0)NR k , -S(0) 2 Rk, - 
0(C=0)Rk, -N(Rk)(C=0)(Rk), -C(0)Rk, -C(0)ORk, -CON(R k ) 2 , -OCO^or an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 
of R K is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
5 heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHR n - 
CHR 12 -, Ri i and R 12 taken together represent a substituted or unsubstituted 3-7 membered 
aliphatic, heteroaliphatic, aryl or heteroaryl ring; 

R-I6 

K and L together represent \£ — V , ^ — v , 
-CHRi4-CHR, 5 -, -CR, 4 =CR 15 -, wherein R u and Ri 5 are each independently hydrogen, halogen, 

10 cyano, -OR, -N(Rj) 2 , -SR„ -0(0=0)^, -0(S=0)R, ,-N(R,)(C=0)(R,), -C(=0) Rj , -C(=0)0 Rj> 
-CON(Rj) 2 , -OC0 2 Rj, -OS(=0)ORj or an ahphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or 
alkylheteroaryl moiety, wherein each occurrence of Rj is independently hydrogen, a protecting 
group, or an aliphatic, heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, and 
wherein R 16 is hydrogen, a protecting group, -ORk, -SRk, -C(0)ORk, -C(0)NRk, -S(0) 2 R k , - 

15 0(C=0)Rk, -N(R k )(C=0)(Rk), -C(0)R k , -C(0)ORk, -CON(R k ) 2 , -OC0 2 Rk, or an aliphatic, 
heteroaliphatic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl moiety, wherein each occurrence 
of Rk is independently hydrogen, a protecting group or an aliphatic, heteroaliphatic, aryl, 
heteroaryl, alkylaryl, or alkylheteroaryl moiety, or when A and B together represent -CHR14- 
CHR 15 -, Rh and R 15 taken together represent a substituted or unsubstituted 3-7 membered 

20 aliphatic, heteroaliphatic, aryl or heteroaryl ring; 

whereby each of the foregoing aliphatic and heteroaliphatic moieties may independently 
be substituted or unsubstituted, cyclic or acyclic, or branched or unbranched, and each aryl, 
heteroaryl, alkylaryl, and alkylheteroaryl moiety may be substituted or unsubstituted, 
said method comprising: 

25 (1) reacting a component having the structure: 



Page 37 of 121 


wherein R L , J, and G are as defined above, with a chiral component having the structure: 

R 0 

"O 

wherein A, B, D, E, G, J, K, and L are as defined above, in the presence of an 
esterification reagent to generate an intermediate having the structure: 

O Ro 



structure 


(2) complexing the intermediate with a cobalt, such as dicobalt hexcarbonyl, to yield a 

O R 0 



(3) cyclizing the combalt complex in the presence of an olefin metathesis catalyst to 
generate the compound: 


O R 0 



(4) removing the cobalt to form a ynolide; 
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(5) reacting the alkyne moiety of the ynolide with a diene under cyclcoaddition 
conditions to generate the compound: 


20 


25 



E 


(6) optionally further reacting the macrocycle with one or more reagents to diversify and 
5 optionally deprotecting the macrocycle to generate a compound having the formula (Ila). 

In addition to the general method described and depicted above, the present invention 
provides additional synthetic methods, and compounds, as described herein, in which each of the 
intermediate steps and intermediate compounds are provided, as described below and genencally 

10 herein. It will be appreciated that the classes, and subclasses, as described above for the 

inventive compounds are also intended to encompass the inventive methods and intermediate 
compounds as described above and herein. Thus, certain classes and subclasses of interest in 
which the moieties R0-R4, Z, X, A-B, D-E, G-J and K-L are specifically defined (and moieties 
denned within those definitions) also apply to the inventive methods and intermediate 

15 compounds. It will be appreciated that certain exemplary species of the compounds of formula 
(I) and (Ila) and intermediates thereto are described herein, but are not limited to those species. 

In certain embodiments, if any one or more of R0-R4 is a protected thio, amino or 
hydroxyl group, the method further comprises optionally deprotecting said unprotected group. 

In still other embodiments, the method optionally further comprises reacting the 
intermediates with one or more reagents to diversify the macrocycle and generate a compound 
having the structure (I) or (Ila). In one embodiment, the one or more positions on the benzene 
ring are halogenated (e.g., chlorinated). In yet other embodiments, the method further comprises 
optionally deprotecting the compound having the structure (I) or (Ila), to generate a deprotected 
compound having the structure (I) or (Ila). 
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It will also be appreciated that each of the steps as described above can be carried out 
using reagents and conditions as described for the synthesis of radicicol or aigialomycins (as 
described below in the Examples), or they may be modified using other available reagents. For 
example, a variety of esterification conditions and olefin metathesis conditions are well-known 
in the art and can be utilized in the method of the invention. See, generally, March, Advanced 
Organic Chemistry, John Wiley & Sons, 1992. 

As mentioned above, it will also be appreciated that each of the components used in the 
synthesis of analogues can be diversified either before synthesis or alternatively after the 
construction of the macrocycle. As used herein, the term "diversifying" or "diversify" means 
reacting an inventive compound or intermediate, as defined herein, at one or more reactive sites 
to modify a functional moiety or to add a functional moiety. For example, the aromatic ring can 
be diversified to either add functionality (e.g., where hydrogen is present, a halogen, e.g., CI, can 
be added) or to modify functionality (e.g., where a hydroxyl group is present on the aromatic 
ring, the aromatic ring can be diversified by reacting with a reagent to protect the hydroxyl 
group, or in another example, by reacting with a reagent to add a linker moiety that has a 
conjugate (e.g., geldanamycin, etc.) attached thereto). Described generally below are a variety of 
schemes to assist the reader in the synthesis of a variety of analogues, either by diversification of 
the intermediate components or by diversification of the macrocyclic structures. 

The aromatic ring can incorporate numerous changes. Novel Diels Alder methodolgy 
can be utilized to present different substitution patterns around the benzene ring. It will be 
appreciated that traditional aromatic synthesis can also be utilized to access permutations on the 
aromatic core. For example, as shown in Figure 10, diversity can be generated at aromatic 
positions, in one embodiment, after generation of the core structure. Specifically, Ri and R 3 
include substitution patterns arising from a cross-coupling strategy as depicted to enable 
introduction of amino, aliphatic, heteroaliphatic, aryl, heteroaryl, and alkylheteroaryl moieties. 

Another analog serves to replace the labile ester functionality with a stronger amide 
component. Esterase activity is responsible for the premature metabolism of many potential 
therapeutic agents, and therefore this analogs aims to prevent this activity. Simple modification 
of the chiral component and incorporation into this process provides a facile route to an amide 
analog. 
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10 


15 


20 


25 


As detailed above, a variety of reactions can be utilized to diversify the radicicol and/or 
monocillin and aigialomycto core structures either during assembly or after assembly of the 
macrocycle. An alternative strategy endeavours no. only to restore in vivo activity and achteve 
diversity, but also to enhance it. In a fashion similar to tha, produced with geldanamycm, a 
number of known steroid hormones can linked to radicicol and analogs via an oxime technology 
thathasafreadybeenshowntorestoreinvivoactivi^^USPatent^B^ieS^SPaten, 

5 977 165- Soga e, al. Cancer Res. 19* 59, 2931-2938; each of which is incorporated herem by 
reference). Tie steroid hormones bind specifically to receptors found in important Hsp90 
complexes. In addition, dimers of radicicol or heterodimers of radicicol and geldanainvcto w,,, 
be used to probe the activity of Afunctional binding agents on Hsp90 activity (see Figure 15). 

In addition to conjugation via oxime technology as described above and dep.cted m 
Figure 1 5, it will be appreciated mat conjugation can be effected through available functionary 
on the aromatic ring or through the A-B moiety, as describe generally herein. Figure 16 dep.cts 
a variety of methods that can be utilized to effect conjugation. 

It will be appreciated that a variety of linkers can be utilized to effect conjugation of 
geldanamycin, radicicol, monocillin and analogues thereof and steroids to the inventive 
compounds. As described above, any one or any two of R„ Ra, *. *. Be. Kc ** 
R, or Rl may potentially be a site for conjugation and conjugation can be effected through a 
Unker covalently bonded to a compound to be conjugated. The term -linker" as usedherem, >s 
intended to encompass a chemical moiety that is capable of effecting a stable (e.g., sufficently 
unhindered that the conjugation can be performed) covalent linkage between an inventive 
compound as described hereto, and another conjugate (geldanamycin, radicicol, monocrlhn, 
analogues thereof as described herein and elsewhere) and steroids. It will be appreciated mat a 
variety of linkers can be utilized, including, but not limited to heteroatom linkages (.e.g. , 
O S(=0)0 -0-(C=0>0-, heteroalkyl, etc.), and aliphatic or heteroaliphatic linkages, m which 
the aliphatic and heteroaliphatic linkages may be substituted or unsubstituted, branched or 
unbranched, or cyclic or acyclic. In certain embodiments for the compounds as described above, 
the linker is an aliphatic or heteroaliphatic moiety, whereby said aliphatic or heteroahphatic 
moiety is substituted or unsubstituted, branched or unbranched, or cyclic or acychc. For 
example, it wiil be appreciated that tins linker may be of va^ing length, and mat altenng the 
length of the linker may, to certain circumstances, confer a therapeutic benefit. In general, the 
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Unker may be 1-12 carbon atoms in length, and may also be 1-10, 1-6, or 1-4 carbon atoms m 
length taomerembotoentsof special interest. As described above, the linker may be a Unear 
chain or a substituted chain, for example incorporating double or triple bonds, an aryl group or a 
secondary or tertiary amine. In certain other embodiments for the compounds as descnbed 
5 above the linker is amoiety having one of the structures -(CH 2 VCH=CH-(CH 2 V, -(CH 2 ) P - 
C=C-(CH 2 )„- or -CH 2 (CH 2 ) S CH 2 -, wherein each occurrence of n, m, p, q and s is mdependently 
an integer from 0-10. As described generally above, it will be appreciated that one or more of 
the hydrogen atoms may be replaced with a substituent including, but not limited to alkyl, 

heteroalkyl, secondary or tertiary amine, hydroxyl, thiol, aryl, heteroaryl, alkylaryl, or 
10 alkylheteroaryl. Similar aimers, timers, and conjugates and linkers used for the conjugation 

thereof are described in more detail in Kuduk « al.. Bioorg. Med. Chen. U„. 2000, 10, 1303- 

1306; Kuduk « al. Bioorg. Med. Chem. Leu.. 1999, 9, 1233-1238; Zheng et al. Cancer Res. 

2000 60 2090-2094; and WO00/61 578; each of which is incorporated herein by reference). 

Additional guidance for the preparation of conjugates canbe found in US Patent 5,977,165 
! 5 (which is incorporated herein by reference) (in which, for example, two radiciciol derivatives are 

linked via -O-S(=0)-0-). 

In certain embodiments, the compound to be conjugated is selected from the group 
consisting of radicicol, monocillin, analogues of radicicol and monocilUn, geldanamycin, 
analogues of geldanamycin, and steroids. In particular, any of the compounds of the present 
20 invention may be conjugated with one or two compounds of the same structure or with one or 
two compounds of different structures, such as geldanamycin, analogues thereof and steroids. 
The term "analogues", as used herein, is intended to encompass radiciciol analogues as descnbed 
herein and elsewhere (see. e. g ., U.S. Patents 5,977,165, 5,731,343, and 5,597,846; each of which 
is incorporated herein by reference) and geldanamycin analogues generally descnbed in the art 
25 (see. e.g., WO00/61578;incorporatedhereinbyreference). It will be appreciated that a variety 
of steroids can be utilized in the method of the present invention. In certain embodiments, 
steroids are utilized to develop selective cytotoxic agents directed towards cancer cells that 
express steroid receptors (e.g., estrogen receptor). Suitable steroids for use in the present 
invention include, but are not limited to, estradiol, estradiol valerate, estradiol cypionate, ethinyl 
30 estradiol, mestranol, quinestrol, estrone, estrone sulfate, equilin, testosterone, androstenedione, 
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dehydroepiandrosterone, estriol 16a-hydroxydehydro-epiandrosterone, and 16a- 
hydroxyandrostenedione, to name a few. 

5) Uses, Formulation and Administration 
Pharmaceutical Compositions 

As discussed above this invention provides novel compounds which have biological 
properties which make them of interest for the treatment of cancer, in particular those cancers 
characterized in that they comprise Rb negative cancer cells. Accordingly, in another aspect of 
the present invention, pharmaceutical compositions are provided, which comprise any one of the 
compounds described herein (or a prodrug, pharmaceutically acceptable salt or other 
pharmaceutically acceptable derivative thereof), and optionally comprise a pharmaceutically 
acceptable carrier. In certain embodiments, these compositions optionally further comprise one 
or more additional therapeutic agents. Alternatively, a compound of this invention maybe 
aclministered to a patient in need thereof in combination with the administration of one or more 
other therapeutic agents. For example, additional therapeutic agents for conjoint administration or 
inclusion in a pharmaceutical composition with a compound of this invention may be a cytotoxic 
agent or anticancer agent approved for the treatment of cancer, as discussed in more detail herein, 
or it may be any one of a number of agents undergoing approval in the Food and Drug 
Administration that ultimately obtain approval for the treatment of cancer (e.g., epothilones, 
geldanamycin, to name a few). It will also be appreciated that certain of the compounds of 
present invention can exist in free form for treatment, or where appropriate, as a pharmaceutically 
acceptable derivative thereof. According to the present invention, a pharmaceutically acceptable 
derivative includes, but is not limited to, pharmaceutically acceptable salts, esters, salts of such 
esters, or a prodrug or other adduct or derivative of a compound of this invention which upon 
administration to a patient in need is capable of providing, directly or indirectly, a compound as 
otherwise described herein, or a metabolite or residue thereof. 

As used herein, the term "pharmaceutically acceptable salt" refers to those salts which are, 
within the scope of sound medical judgement, suitable for use in contact with the tissues of 
humans and lower animals without undue toxicity, irritation, allergic response and the like, and 
are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts of 
amines, carboxylic acids, and other types of compounds, are well known in the art. For example, 
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S M Berge, et al. describe pharmaceutical* acceptable salts in detail in J. Pharmaceutical 
Sciences, 66: 1-19 (1977), incorporated herein by reference. TTie salts can be prepared in situ 
during the final isolation and purification of the compounds of the invention, or separately by 
reacting the free base function with a suitable organic acid. Examples of pharmaceutical* 
5 acceptable, nontoxic acid addition salts are salts of an amino group formed with inorganic acids 
such as hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or 
with organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succmic 
acid or malonic acid or by using other methods used in the art such as ion exchange. Other 
pharmaceutical* acceptable salts include adipate, alginate, ascorbate, aspartate, 
10 benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate, 
cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate, 
glucoheptonate, glycerophosphate, gluconate, hernisulfate, heptanoate, hexanoate, hydroiodide, 2- 
hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate, 
methanesulfonate, 2-naphthalenesulfonate, rricotinate, nitrate, oleate, oxalate, palmitate, pamoate, 
15 pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate, 
succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, valerate salts, and the 
like Representative alkali or alkaline earth metal salts include sodium, lithium, potassium, 
calcium, magnesium, and the like. Further pharmaceutical* acceptable salts include, when 
appropriate, nontoxic ammonium, quaternary ammonium, and amine cations formed using 
20 counterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, loweralkyl 

sulfonate and aryl sulfonate. 

Additionally, as used herein, the term "pharmaceutical* acceptable ester" refers to esters 

which hydrolyze in vivo and include those that break down readily in the human body to leave the 

parent compound or a salt thereof. Suitable ester groups include, for example, those derived from 
25 pharmaceutical* acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic, 

cycloalkanoic and alkanedioic acids, in which each alkyl or alkenyl moie* advantageously has 

not more than 6 carbon atoms. Examples of particular esters includes formates, acetates, 

propionates, butyrates, acrylates and ethylsuccinates. 

Furthermore, the term "pharmaceutical* acceptable prodrugs" as used herein refers to 
30 those prodrugs of the compounds of the present invention which are, within the scope of sound 

medical judgment, suitable for use in contact with the tissues of humans and lower animals with 
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undue toxicity, irritation, allergic response, and the like, commensurate with a reasonable 
benefit/risk ratio, and effective for their intended use, as well as the zwitterionic forms, where 
possible, of the compounds of the invention. The term "prodrug" refers to compounds that are 
rapidly transformed in vivo to yield the parent compound of the above formula, for example by 
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. Stella, Pro-drugs as 
Novel Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, and in Edward B. Roche, ed., 
Bioreversible Carriers in Drug Design, American Pharmaceutical Association and Pergamon 
Press 1987, both of which are incorporated herein by reference. 

' As described above, the pharmaceutical compositions of the present invention additionally 
comprise a pharmaceutical* acceptable carrier, which, as used herein, includes any and all 
solvents, diluents, or other liquid vehicle, dispersion or suspension aids, surface active agents, 
isotonic agents, thickening or emulsifying agents, preservatives, solid binders, lubricants and the 
like as suited to the particular dosage form desired. Remington's Pharmaceutical Sciences, 
Fifteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa., 1975) discloses various 
5 carriers used in formulating pharmaceutical compositions and known techniques for the 

preparation thereof. Except insofar as any conventional carrier medium is incompatible with the 
anti-viral compounds of the invention, such as by producing any undesirable biological effect or 
otherwise interacting in a deleterious manner with any other components) of the pharmaceutical 
composition, its use is contemplated to be within the scope of this invention. Some examples of 
>0 materials which can serve as pharmaceutical* acceptable carriers include, but are not hrmted to, 
sugars such as lactose, glucose and sucrose; starches such as corn starch and potato starch; 
cellulose and its derivatives such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose 
acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository 
waxes; oils such as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil; com oil and 
25 soybean oil; glycols; such a propylene glycol; esters such as ethyl oleate and ethyl laurate; agar; 
buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen- 
free water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate buffer solutions, as 
well as other non-toxic compatible lubricants such as sodium lauryl sulfate and magnesium 
stearate, as well as coloring agents, releasing agents, coating agents, sweetening, flavoring and 
30 perfuming agents, preservatives and antioxidants can also be present in the composition, 
according to the judgment of the formulator. 
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Uses of Compounds of the Invention 

As described to more detail hereto, in general, the present invention provides compounds 
useful for their ability to inhibit the grow* of or kill cancer ceHs and thns are useful m the 
treatment of cancer. The compounds of the invention are also useful as inhibitors of Hsp90 and 
thus are useful, more general* as inhibitors of proteins such as transmembrane receptors (e.g„ 
HER2 androgen receptor, erbB, EGFR, etc.), tyrosine kinases, serine and/or threonine, ktnases, 
^anscriptionalregu.ators.orofpro.etosmatregulateftem. to certain embodiments the 
inventive compounds are also useful for the inhibition of the grow* of or for the ktlhng of Rb 
negative cancer cells and thus are useful to the treatment of cancers comprising Rb negattve 
cancer cell, In certain other embodiments, the inventive compounds are also useful for the 
destructionof cells expressing a HER-family tyrosine kinase. In still other embodiments, the 
inventive compounds are useful as inhibitors of the androgen receptor. 

to general, the unregulated growth characteristic of cancer cells typically results from 
diction of a mitogenic signal transduction pathway. Such pathways can be disrupted at any of 
a number of points, through activation or inhibition of proteins such as transmembrane receptors 
fee HER2, which is often overexposed to breast cancers; steroid receptors such as the 
androgen receptor, which is often overexposed to prostate cancers; erbB; EGFR; etc.), tyrosine 
kinases (including those that are domains of transmembrane receptors), serine and/or threonme 
kinases (e.g„ Akt; Raf, Src; etc.), transcriptional regulators (e.g„ Rb; STATs; etc.), or of protons 

of a variety of signal transduction proteins, including, for example, steroid receptors, HER2, met 
Akt, Raf, etc. When Hsp90 activity is blocked, these proteins are degraded, and mitogenic s,gnal 

transduction is attenuated. 

It has been previously demonstrated that geldanamycta acts as an Hsp90 Mutator, 
administration of mis compound to tumor cells results in degradation of Hs P 90-regu.ated 
proteins and arrest in the Gl phase of the cell cycle. Tumors that express high levels of HER2 
are particularly sensitive to such agents. For example, treatment of tumors with geldamycm 
leads to a dose dependent reduction in HER2 levels as well as visible cellular differenttauon. 
Unfortunately, the cell cycle arrest observed after treatment with these compounds is dependent 
upon the retinoblastoma (Rb) protein. Geldanamycto is currently to Phase II clinical tnals, 
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however, geldanamycin has been shown «o be ineffective for the treatment of tinnor cells with 

defective Rb function. . 

Unexpectedly, tie present invention demonstrates that radicico. and radtcrcol analogs 
function as Hsp90 inhibitors independent of Rb function. Tumor cells treated wim these 
5 compounds arrest in Gl in the presence ofRb, and arrest in the prometaphase stage of nutoststn 

llenceofRb. v^**^^.^"^^"*^ 

of Rb-positive and Rb-negative cancers, taportantly, tee are cancers which currently lack 

to small-ceU lung carcinoma, ghobtastoma (brain) and retinoblastoma (eye). SmaJ -celUung 
10 carcinoma does not have an effective treatment, resuits in a high mortaHty rate and represents 
25% of tang cancers. In some embodiments, it maybe desirable to combine adnumstn ton of the 
inventive compounds described herein with proapoptotic chemotherapeutic agents and/or w,th 
radiation therapy in order to encourage arrested cells to enter apoptosts. 

As demonstrated herein (see Figures 17-21), radicicol and certain of its analogues have 
15 been tested for their cytotoxicity in a panel of cancer ceU lines, and import, for meir abrhty 
,o lead to the reduction of HER2. As depicted in Figure 17 and .8, four analogues have been 
tested for their ability to reduce HER2 in MCF7 and BT474 cells. Radicicol (I), monocillin I 
(U) cyclopropyl radicicol (III) and cyclopropyl monocillin I (IV) were each tested a. sumlar 
concentrations (0.5 uM through 5 uM). These results demonstrate two previously unknown 
20 properties with respect to structure-activity relationships: the aromatic chloride confutes to 
efficacy, and the oxygen of the epoxide does not, despite its binding implication in the known 
erysfcl structure. Radical is approximately lOx superior in effecting destruction of Her-2 ftan 
monocillin I, which only lacks the aromatic chloride. In addition, the cyclopropane analog (III) 
is a. least as effective, if notbetter man radicicol merely by replacing me oxygen of me epoxtde 
25 wimaCH, group. Sigmficantiy.cur^^ 

route as detail herein Furthermore, while the vinyl epoxide, a reactive moiety, may be 
responsible for undesired cytotoxicity, the cyclopropane is far more stabile to non-productive 

cellular nucleophiles. 

Additionally, the dimethyl ethers of both radicicol and monocillin (V and VI 
30 respectively) have been tested, as wel. as the oxime disclosed by Kyowa Hakko (VD) in a stde 
by side experiment with radicicol. Radicicol again demonstrated efficacy, as did the oxnne 
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analog VII which has been reported to also be active in vivo. As shown in Figure 19, MCF7 
cells (HER2 overexposed, Rb positive) were treated with radicicol (V-27), radicico! oxtme (VI- 
51 ), dimethyl monociUin (V-25) and dimeflvyl radicicol (V-33) and the growm of tie MCF7 

cells was monitored. 

5 As discussed above, the action of geldanamycin and radicicol on Hsp90 in Rb 

(retinoblastoma) positive cells results in a clear G, (grow*) phase block of the cell cycle, 
degradation of HER2, and eventual reversion, apoptosis or necrosis, mterestingly, and wtthout a 
clear explanation, when radicicol is applied to Rb negative cells, the cells are blocked in the M 
(mitosis) phase. While geldanamycin and its derivatives are demonstrating success m Rb posrnve 
10 cell lines, they are much less effective in their ability to halt growth in the corresponding Rb 
negative cells. Radicicol and derivatives appear to have an advantage in these Rb negative cell 
lines as they demonstrate superior efficacy blocking these cells in mitosis. 

In addition, it has also been shown that 17-allylaminogeldanamycin (1 7-AGG), an 
a^amycin derivative, is much more potent against cells with wild type Rb man in cells wrth 
15 defective Rb function. It has also been shown mat radicicol and cyclopropyl radicicol are potent 
inhibitors of both a breast cancer cell with wild type Rb and a small cell lung cancer cell hne 
with defective Rb function (See Figure 20). Significantly, they have been found to be much more 
potent than 17-AGG in the latter ceU type. These data suggest that radicicol derivatives are 
useful in the treatment of the 15-20% of human tumors with mutated Rb gene and espectally m 
20 small lung cell cancer, in which the gene is almost always mutated. 

As discussed herein, the compounds of the present invention have been shown to reduce 
HER2 in MCF-7 and BT474 cells, and are cytotoxic against a panel of cancer cell lines (see 
exemplification herein and Figures 19, 20 and 21), in particular against Rb negative cancer cel. 
lines (Figures 20 and 21). The inventive compounds are thus useful for the Mutation of the 
25 growth of or for killing cancer cells and are useful in the treatment of cancer (or more generally 
useful in the treatment of proliferative disorders). In addition, compounds as descnbed herem 
have been found to act as potent inhibitors of cancer cell lines comprising Rb negative cells, and 
thus are useful in the treatment of cancers comprising Rb negative cells. Currently, there .s no 
effective treatment for many of these cancers comprising Rb negative cells. The method of the 
30 invention comprises administering to a subject in need thereof a therapeutically effective amount 
of a compound of the invention. 
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to certain embodiments of the present invention a "therapeutically effective amount" of 
the inventive compound or pharmaceutical composition is that amount effective for detectable 
kiffing or inhibiting the grow* of cancer cells, and in certain embodiment of special interest an 
amount for detectable killing or inhibiting the growth of cancer cells comprising Rb negafve 

cancer cells. 

Tho compounds and compositions, according to the method of the present mvention, may 
be administered using any amount and any route of administration effective for kilhng or 
inhibiting the ^owtir of tumor cell, Thus, the expression "effective amount" as used herern, 
refers to a sufficient amount of agent to kill or inhibit the growth of tumor cells. The exact 
amount required will vary from subject to subject, depending on the species, age, artd genera, 
condition of the subject, the severity of the infection, the particular anticancer agent, tts mode of 
adrninistration, and the like. The anticancer compounds of toe invention are preferably formulated 
in dosage unit form for ease of administration and uniformity of dosage. TTre expression "dosage 
unit form" as used herein refers to a physically discrete unit of anticancer agent appropnate for 
the patient to be treated. It will be understood, however, that the total daily usage of the 
compounds and compositions of me present invention will be decided by the attending physican 
within the scope of sound medical judgment. The specific therapeutical* effective dose level for 
any particular patient or organism will depend upon a variety of factors including me drsorder 
being treated and the severity of the disorder, the activity of the specific compound employed; the 
specific composition employed; the age, body weight, general health, sex and diet of the patient; 
the time of administration, route of administration, and rate of excretion of the specific compound 
employed; the duration of the treatment; drugs used in combination or coincidental with the 
specific compound employed; and like factors well known in the medical arts. 

Furthermore, after formulation with an appropriate pharmaceutically acceptable earner m 
a desired dosage, the pharmaceutical compositions of this invention can be administered to 
humans and other animals orally, rectally, parenterally, intracistemally, intravagmally, 
intraperitoneally, topical* (as by powders, ointments, or drops), bucally, as an oral or nasal spray, 
or tire like, depending on the severity of the infection being Seated. In certain embodiments, the 
compounds of the invention may be administered a. dosage levels of about 0.001 mg/kg to about 
, 50 mg/kg , from about 0.01 mg/kg to about 25 mg/kg, or from about 0.1 mg/kg to about 10 mg/kg 
of subject body weigh, per day, one or more times a day, to obtain the desired therapeutic effect 
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I win also be appreciated 4a. dosages smaller than 0.001 mg/kg or greater than 50 mg/kg (for 
example 50-100 mg/kg) car. be administered to a subject. In certain embodiment,, compounds 

are administered orally or parenterally. 

Liquid dosage forms for oral administration include, but are not limited to, 
5 pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and 
elixirs In addition to the active compounds, me liquid dosage forms may contain inert duuents 
commonly used in the ar, such as, for example, water or otter so.vents, solubilizing agents and 
emulsifiers such as ethy. alcohoi, isopropyl aicohol, ethyl carbonate, ethyl acetate, benzy. alcohol, 
benzyl benzoate, propylene glycol, 1,3-butylene glyco,, dimemylformamide, oils (in particular, 
10 cottonseed, groundnut, com, germ, olive, castor, and sesame oils), glycerol tetrahydroforfinyl 
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Bestdes tnert 
dihtents, the oral compositions can also include adjuvants such as wetting agents, emulstfymg and 
suspending agents, sweetening, flavoring, and perfuming agents. 

Injectabte preparations, for example, sterile injectable aqueous or oleaginous suspensions 
, 5 may be formulated according to the known art using suitable dispersing or wetting agents and 
suspending agents. The sterile injectable preparation may also be a sterile injectable solution, 
suspension or emulsion in a nontoxic parenteral!, acceptab.e dihtent or solvent, for example, as a 
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are 
water Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition, stenle, fixed 
20 oils are conventionally employed as a solvent or suspending medium. For mis purpose any bland 
fixed oi! can be employed including synthetic mono- or diglycerides. In addition, fatty acids such 
as oleic acid are used in the preparation of injectables. 

The injectable formulations can be sterilized, for example, by filtration through a 
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile sohd 
25 compositions which can be dissolved or dispersed in sterile water or other stenle 

injectable medium prior to use. 

In order to prolong the effect of a drug, it is often desirable to slow the absorption of the 
drug from subcutaneous or intramuscular injection. This maybe accomplished by the use of a 
Uauid suspension of crystalline or amorphous materia, with poor water solubility. The rate of 
30 absorption of tie tag men depends upon its rate of dissolution which, in turn, may depend upon 
crystal size and crystalline form. Alternatively, delayed absorption of a parenterally adnumstered 
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drug form U accomplished by diving or suspending the drug in an oi. vehide. Injectoble depot 
forms are made by forming microencapsule malices of the drug in biodegradable polymers such 
as polylacude-polyglycolide. Depending upon the ratio of dnrg to polymer and «he nature of the 
particular polymer employed, therateofdrugreieasecanbe controlled. Examples of otter 
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable 
formulations are also prepared by entrapping the drug in liposomes or microemulsions winch are 
compatible with body tissues. 

Compositions for rectal or vaginal administration are preferably suppositories winch can 
bepreparedbymixingme compounds of this invention with suitable „on-irriMing extents or 
carriers such as cocoa butter, polyethylene gjyco. or a suppository wax which are solid at amb.ent 
temperature but liquid a. body temperature and therefore me., in the rectum or vagina, cavrty and 

release the active compound. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders, and 
granules. In such solid dosage forms, the active compound is mixed with at least one inert, 
5 pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium phosphate 
and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and s.hcc acrd, 
b) binders such as, for example, carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidinone, sucrose, artd acacia, c) humectants such as glycerol, d) disintegrating 
agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic ac,d, «rtam 
20 silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption 

accelerators such as quaternary ammonium compounds, g) wetting agents such as, for example, 
cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and ■) 
lubric^ts such as talc, calcium s.earate, magnesium stearate, solid polyethylene glycols, sodrum 
lauryl sulfite, and mixtures thereof. In the case of capsules, tablets and pills, me dosage form may 
25 also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in soft and hard-filled 
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular wergh. 
polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules, puis, and 
granules can be prepared with coatings and shells such as enteric coatings and other coatings well 
30 knownmftepharmaceuticalformulatmgart.TheymayoptionallyconUHinopacifymgagente 

.an also be of a composition mat they release the active ingredients) only, or preferentially, m a 
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certain part ofthe intestinal tract, optional!* in a delayed manner. Examples of embeddtng 
compositions which c» be use* include polymeric substances and waxes. SoUd compose of 

excipients as .actose or mitt: sugar as well as high molecubr weigh, polethylene glycols and the 
like. 

The active compounds can also be in micro-encapsulated form wvm one or more 
excipients as noted above. The solid dosage forms of tablets, dragee capsu.es, pills, and granules 
canbe prepared with eatings and shells such as enteric coatings, release controlling coatings and 
other coatings well known in the pharmaceutical formulating art. In such solid dosage forms the 
active compound may be admixed with at leas, one inert diluent such as sucrose, lactose or starch. 
Such dosage forms may also comprise, as is norma, practice, additional substances other man 
inert diluents, e.g., tab.eting .ubricants and omer tableting aids such a magnesium stearate and 
microcrystalline cellulose. In the case ofcapsu.es, tab.ets and pills, the dosage forms may also 
comprise buffering agents. They may optionally contain opacifying agents and can a.so be of a 
composition mat they re.ease the active ingredient© only, or preferentially, in a certain par. of 
the intestinal tract, optionally, in a delayed manner. Examples of embedding composmons whtch 
can be used include polymeric substances and waxes. 

Dosage forms for topical or transdermal adminisnation of a compound of mis mvention 
include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants or patches. 
The active component is admixed under sterile conditions with a pharmaceutical* acceptable 
carrier and any needed preservatives or buffers as may be required. Ophthalmic formulation, ear 
drops, and eye drops are also contemplated as being within the scope of mis invention. 
Additionally, ft. present invention contemplates the use of transderma. patches, which have the 
added advantage of providing controlled delivery of a compound to the body. Such dosage forms 
canbemadebymssolvmgordispe^ingthecompoundinftepropermedium. Absorption 

enhancers can also be us*, to increase the flux of the compound across the skin. The rate canbe 
controlled by either providing a rate controlling membrane or by dispersing the compound ,n a 

polymer matrix or gel. 

As discussed above, in one aspect, the compounds of the present invention are useful as 
anticancer agents, and thus may be useful in the treatment of cancer, by effecting tumor ce.l death 
or inhibiting the growft of tumor cell, In general, the inventive anticancer agents are useful « 
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fte.rea.men.ofoanc.rsa.dotherpro.ifaatived^rder^c.uding.bmno.iin.^to 
ghobUstoma, retinoblastoms, breast cancer, cervica, cancer, colon and recta, cancer leukemta, 
ung cancer (including, but no, limited to small cell lung cancer), melanoma, multip.e myeloma, 

comprising Rb negative cells, inc.uding, but no, .united to sma.1 cell .ung cancer, retinoblastoma 
and gliobhstoma. In certain other embodiments, the inventive anticancer agents are active 

Irment of breast cancer, leukemias (e.g., mye,oid, .ymphocytic, myelocytic and lymphoblastic 
hernias) and mahgnan, melanomas. In stil. outer embodiments, the inventive anticancer agen* 
are active against solid rumors and a.so kill and/or inhibit the grow* of multidrug reststan, cells 

(MDR cells). . . 

„ will also be appreciated that the compounds and pharmaceuUcal composrtions of me 

present invention can be employed in combination therapies, ma, is, the compounds and 
pharmaceutic*, compositions can be adntinistered concurrent* * prior to, or subsequent to, 
one or more other desired therapeutics or medical procedures. Tire particular computation of 
fcerapies (therapeutics or procedures) to employ in a combination regimen wiU take mto account 
compatibility of the desired therapeutics and/or procedures and the desired merapentic eff^t to be 
achieved. It wil. also be appreciated mat the therapies emp.oyed may achieve a destred effect or 
me same disorder (for examp.e, an inventive compound may be administered concurrently wtth 
another anticancer agent), or they may achieve different effects (e.g., control of any adverse 
effects) 

For example, other therapies or anticancer agents mat may be used in combination with 
the inventive anticancer agents of the present invention include surgery, radiotherapy (m bu, a 
; fewexamples,y-ratotion,neutionbeamrad» 

therapy, brachyuterapy, and systemic radioactive isotopes, to name a few), endocrine therapy, 
biologic response modifiers (interferons, in.erleu.dns, and rumor necrosis factor (INF) to name a 
few) hyperthermia and cryotherapy, agents to attenuate any adverse effects (e. g ., antiemetics), 
and other approved chemotherapeutic drugs, including, but no. limited to, ablating drugs 
0 (mechloremamine, chlorambucil, Cyclophosphamide, Melphalan, Ifosfamide), antimetobohtes 
(Methotrexate), purine antagonist and pyridine antagonists (6-Mercaptopurine, 5-Fluorourac.l, 
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Cytarabile, Gemcitabine), spindle poison (Vinblastine, Vincristine, Vinorelbine, Pacutaxel), 
podophyllotoxins (Etoposide, Irinotecan, Topotecan), antibiotics (Doxorubicin, Bleomycnr, 
Mitomycin), nitrosoureas (Carnitine, Justine), inorganic ions (Cisplatin, Carboplatin) 
enzymes (Asparagmase), and honnones (Tamoxifen, Uuprolide, Flutamide, and Megestrol), to 

5 nameafew. j l MW.<*^l-^^< m ^*™«^ e ^" 

anticancer agents currently in clinical trials and which may ultimately be approved by me FDA 
(includtag, but no. limited to, epothilones and analogues thereof and geldanamycms and 
analogues thereof). For a more comprehensive discussion of updated cancer therap.es see, 
http://www.nci.nih.gov/, a list of the FDA approved oncology drugs at 
,0 http://vmw.fda.gov/cder/cancer/druglistframe.htin, and The Merck Manual, Seventeenth Ed. 
1999, the entire contents of which are hereby incorporated by reference. 

Treatment Kits 

In other embodiments, the present invention relates to a kit for conveniently and 
IS effectively carrying ou, the memods in accordance with the present invention. In general, the 
pharmaceutical pack or kit comprises one or more containers filled with one or more of the 
ingredients of the pharmaceutical compositions of the invention. Such kits are especially sut.ed 
for the delivery of solid oral forms such as tablets or capsules. Such a kit preferably includes a 
number of unit dosages, and may also include a card having the dosages oriented in the order of 
20 their intended use. If desired, amemory aid can be provided, for exampfcinthe form of numbers, 
letters, or other markings or with a calendar insert, designating the days in the treatment schedule 
in which the dosages car, be administered. Alternatively, placebo dosages, or calcium dtetary 
supplements, either in a form similar to or distinct from the substituted purine dosages, can be 
included to provide a kit in which a dosage is taken every day. Optionally associated wrth such 
25 contained) can be a notice in the form prescribed by a governmental agency regulating the 

manufacture, use or sale of pharmaceutical products, which notice reflects approval by the agency 
of manufacture, use or sale for human administration. 
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Equivalents 

The representative examp.es tha, foUow are intended to help illustrate me invention, and 
are not intended «, nor shodd mey be const™, to, limit me scope of me inventio r M 
various modifications of the invention and many further embodiments thereof, m add-on to 

contents of this document, including me examples which foHow and me references to the 

mose cited references are incorporated herein by reference to help iUustrate me state of the art. 

The foUowing examples contain important additional information, exemphfication aud 
I0 guidance that can be adapted to tire practice of mis invention in its various embodiments and the 

equivalents thereof. 

EXEMTUFICA J70W 

Example 1-Total Synthesis of Aigialomycin D 

, 5 There are many natural products, usually bacteria, metabolites, featuring a macrolide 

te ed to amonocyCic benzenoid matrix, bearing a resorcinol-like substitution partem No. 
^frequently, the resorcinol moiety carries additional functionality, resulting in htgher levels of 
oxidation. Natural products in mis fami.y (c/ inter alia radicicol (Delmotte, P, DehnoUe- 
Haquee, J. Nature 1953, 111, 344; incorporated herein by reference), LL-Z-1640S (McGahren, 
20 W J J Org CHem. 1978, .3,2339-2343; incorporated herein by reference), monocuuns (Ayer, 
W A • Lee, S. P, Tsuneda, A, Hira^a, Y. Ca, J. Microb. 1980, 26, 766-773; incorporated 
herein by reference), nordinone (Ayer, W. A.; Pena-Rodriguez, L. Pnytocnvnistry ml, 26, 
1353-1355- incorporated herein by reference), and zearelenone (Sugawara, F, Kim, K. W, 
Kobayashi, K, Uzawa, J.; Yoshida, S, Murofushi, N, Takahashi, N.; Strobel, G. A. 
25 P*v,od, OTi «O.19»MM987-1990;m«^ 

exploitablepattems of antitumor, antibiotic and antimalarial activity. Indeed, we we firs 
an.ac.ed to mis structural series by radicico! (Deunotte, P, Delmotte-Plaquee, J. Nature 1953, 
W 344; Sharma, S. V, Agatsuma, T.Nakano, H. Oncogene ,998, 16, 2639; each of winch ts 

30 HSP90. U smgradicicol(2)asaleadcompound,weweresoonled,ocycloproparad 1 c I col(3) 
(Yamamoto, K,, Garbaccio, R. M,, Stachel, S. J.; SoHt, D. B, Chiosis, G, Rosen, N, 
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Danishes, S. J. Chem., In, Ed. 2003, 42, 1280-1284; incorporated herern by 

reference) as a potency valuable analog structure, wherein the cyclopropane srmulatesthe 
conformational consequences of the epoxide, without the Habilines associated with a potent* 
,abile ablation site. Indeed, xenograft studies suggest that cycloproparadiccol (3) may we 1 
a superior drug relative to radicicol (2). Tire promise of cycloproparadicicoi, albert m an early 
preclinical setting, as weU as the structural diversity encountered in this family of bioactwe 
molecmes, prompted us to explore new strategies for building such compounds m me labor*orv. 
mdeed, a new strategy was described to reach cycloproparadicicoi (Yang, Z.-Q., Dan.shefs.cy, S. 
J J. Am Chem. Soc. 2003, 125, 9602-9603; incorporated herein by reference). 

Recently, five new 14-membered resorcyclic macrolides, termed aigailomycms A-E, 
wereiso,ated fo mmemannemangrovefungus.^^BCC 5 3,l (Isaka,M, 
Suyarnses^orn.C.-.Tanncharc^M.Kongsaeree.P.Thebmranonm.y.y. O* Chem. 200 
67 1561-1566; incorporated herein by reference). Among those compounds, aigialomycm D (1) 
(shown below) exhibited potent antimalariai activity (IC 5 „: 6.6 ug/mL against P. falciparum and 
anttamor activity (IC 5 „: 3.0 ug/mL against KB cells) (Isaka, M, Suyamsestakom, C, 
Tanticharoen, M,, Kongsaeree, P, Thebtaranonth, Y. J. Or,. CHem. 2002, 67, 1561-1566; 
incorporated herein by reference). 


3 


.5 


o - 



OH 

aigialomycin D(1) 


X = O, radicicol (2); 

X = CH 2 , cycloproparadicicoi. 


Resorcinylic 


macrolides: Aigialomycin D, radicicol, and cycloproparadicicoi. 


Not surprisingly, our first thought was to use the synthetic paradigm developed for 
cyciproparadicico, (Yang, Z.-Q., Danishefsky, S. J. J. Am. CHem. Soc. 2003, 125, 9602-960 ; 
incorporatedhereinbyreference). However, unlike 3, 1 does no, in the end, contam benzyhc 
oxygen functionality. Rather.it contains a.-, T styrene-like double bond, ortho to theacyloxy! 
group of me lactone. It was our plan to insfcll mis double bond by Motion of a C2 
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,eaving group toward the benzo domain (yide infra). To bring about a pre-elimination setup, the 
initial bond formation would be beween future carbons 1 • and 2' . The more serious incremental 
complexity in the aigialomycin series arises from the two hdyroxy - bearing stereogenic cente* 
a, C5- and C6> in allylic and homoallylic relationships respectively to the C7> - C8' double 
bond The thought was to constat mis double bond by ring forming olefin metatheses vta 
extrusion of carbons T and 8". Scheme 1-1 (below) sets forth the thinking that led to a 
remarkably straightforward total synthesis of agialomycin D. 

I, was recognized that, if properly managed, the functionality present in the readily 

available D-2-deoxyribose (9) could lead to a functional equivaient of the key proposed formal 

building block 6. Compound 6 would not be used as such (vide infra). 

In „e event, the secondary hydroxyl groups at C3 and C4 of 9, were engaged m an 

isopropylidene linkage (see M (Barbat, J, Gelas, J, Horton, D. Carbohydrate Res. 1983, 116 

J1HW incorporated herein by reference), Scheme 1-2). The masked aldehyde character of CI 

resultant product, 1 1, was protected as its pivaloyl derivative (see 12). In this compound, the 
primal methylene group bearing me pivaolyloxy group would emerge as CT of me ring closmg 
metamesis (RCM) precursor (vide infra). Hydroboration of !2 followed by oxidation, as shown, 
led us to 13 which, following oxidation of its primary alcohol function, delivered 14. 


Scheme 1-1. Synthetic Strategy. 
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Chain extensionof the aldehyde by propagation afforded 15 as amixture of 
stereoisomer, In this compound, as we« as in subseoue nt seeo ******** 
stereoisomersmamfestedne^^ 

pom in epimers 15 were protected as ,-butyidimemv, W ethers (see ,6), thus er^ 
Lallation of a viny, group, destined to serve as the CT- CT moiety » the eventuai RCM («. 

The latter reacted with it alcohol 4, giving rise, through a Mitsunobu protocol, to the S-est.r 20, 
still bearing epimeric OTBS emers at the future carbon V. 

Our previous experience (Yang, Z,Q., Danishefsky, S. I. /. Am. CHem. Soc. 2003, 125 
96 02.9603;incorpora,edhereinbyreference)hadpr«paredus well for ac M mplUhmg th. much 

, J Am CHem. Soc. 2003, Hi. 9602-9603; Nicholas, K. M, Pettis R. Tetrahedron Uu. 1971 
J. J. Am. Mem I A • Peters U J Org. Chem. 2003, 68, 3494-3497; 

37 3475-3478; Young, D. G. J.; Burbson, J. A., ¥ eters, u. J. 

^hofwhichisincorporatedhereinbyreference). This step accomplishes two object. 
First, the acetylene taction is insulated torn diversion to an ene-yne metathes,s format 
Furthermore, it is likely that the formation of the complex modifies the angles of the ethynyl 
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sector (Sternberg, H. W, Greenfield, H, Friedel, R. A,, Wotiz, „ Markby, R, Wender I. /. Arn. 
Chem Sac 1954, 76. 1457-1458; incorporated herein by reference), such as to bring carbons 7 
and 8' into closer proximity. In the event, the hexacarbonyl complex 21 was obtained m 94% 
yield Ring closing metathesis was easily accomplished, using the recently published catalyse 
rnethodology from the Gmbbs group (Scholl, M, Ding, S, Lee, C. W, Grubbs, R. H. Org. Lett. 
1999, 1, 953-956; incorporated herein by reference). The 14 membered macrolide (23) was thus 
in hand At this stage the two stereoisomer* products were easily separated by 


10 


15 


20 


Scheme 1-2. Synthesis of diene 20. 

RO 


'0 


HO OH ?P 

3 G <12. R=Piv. 


R 1 0 

R 2 0 



£f °-h °r 


0 /15.R 1 = Piv,R 2 = H; 14 13 

9 *16. R 1 = Piv.R 2 = TBS; 
17. R 1 = H, R 2 = TBS. ^ h 



— |^ TBSO' 


18 19 


20 


bromide, zinc, Tnr, U z n, g; icwn , , KHMDS, 

NaOMe/MeOH, 10 h, 88%; i) S0 3 -Pyr., DMSO, CH 2 C1 2 , EtsN 0 C, 2 h, ™ n 0 £™^> 
PhlpW, THF, -78 °C to r.t, 10 h, 86% for two steps; j) BuLi, dry ice, -78 C to r.t., 2 h, k) 4, 
DIAD, PPhL tel., 10 h, 85% for two steps. 

chromatography to provide the individual compound(s) at a 1.2:1 ratio (stereochemistry not 
rigorously assigned). We note that in each diastereomer, only the E configured double bond was 
obtained (J = 15.2 Hz). 
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10 


Decomplexauon of the two separated compounds 23a and 23b, using standard 
conditions thereby afforded "ynoHde" epimers 7 (Scheme 4, Each stereoisomer was subjected 
^Mderrelnwi^edisi.ox.dieneS.foUowmsP— deve.oped cond,„ons 
Z Z -Q., Danishes, S. J. , A,. 0~ Soc. 2003, 9602-9603; incorporated hereto 
by reLence). In the event, cycloaddition followed by ex.™ of isohutylene occurred 
sLotUyaffordmgmac^aandMb. It proved usefu, to protect the two resorcycthc 

LlalLthe s^yrene l*e double bond. At mis stage, detection Of me sily group was 
func.il in 26a and 26b, each using Martin's stnfurane conditions (Martm, J. C, Arhart K. I. J. 

of the Cl'-C2' double 

Scheme 1-3. Synthesis of macrolactone 23 through RCM. 

0 l 

=n . r 


15 


TBSO 



(OC) 3 Co 


(OC) 3 Co^T ° \ 


TBSO'^ /N X* 0 
21 I 


Mes-N N-Mes 

CI /J 
Ru=\ 

CP I Ph 

PCy 3 

22 


a) Co 2 (CO)s, toL. 30 min, 9^; b) 2" d generation Grubbs catalyst (25 mol%), CH 2 C1 2 , 10 h, 23A, 
38%; 23B, 42%. 


Scheme 


1-4. Completion of the total synthesis of aigialomycin D. 
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- _ , i n V 1 5 min 7A 94%- 7B 95%; b). 8 neat, 140 °C, 36 h, 24A, 74%; 24B, 
from 26B to 27, 84%; f) 0.5 N HC1, H 2 0/MeOH, 2 d, 69%. 

bond with (he formation of the identical product, 27. Global acidic detection of the two 
MOM functions and the acetonide (0.5 N HC1) served to complete the first total synthests of 
aigialomycin D (1). The assignment of structural and relative configuration could well have 
been rigorously accomplished based on our measurements (proton NMR, carbon NMR, mass 
spec and HQ accumulated on the fully synthetic material. In the case a, hand, further support 
comes from the very close correspondence of our dam with those previously reported for the 
target structure aigialomycin D (Isaka, M, Suyarnsestakom, C, Tanticharoen, M, Kongsaeree, 
P • Thebtaranonth, Y. J. Org. Chem. 2002, 67, 1561-1566; incorporated herein by reference). 

The synthesis described above, serves to further demonstrate the adaptabmty and 
generality of me basic protocol ("seco ylolide" - "ylolide" - resorcinylic macrolide, see 
Scheme 1-5) The total synthesis of 1 was accomplished in 18 steps in an overall yield of 
approximately 8%. We note in passing that compound 1 does bind to HSP90 (though 
significantly less so than radicicol (2)). It will be interesting to attempt to utilize tms newly 
acquired and highly concise route to matrices resembling radicicol for the purposes of 
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discovering new 


and superior agents based on the theme of HSP90 inhibition. 


Scheme 1-5. "Ynolide" synthetic protocol. 

HO O OTMS °Y 0s (XU 0- Y° v (X: 



OTMS U V V -(XK 
TMSoA- f j 


Diels-Alder „ 
resorcinylic macrolide "ynolide" "seco ynolide 


Experimentals: 


General Methods: Reagents obtained font commercial suppliers were used without further 
purification unless otherwise noted. THF, toluene, and methylene chloride was obtamed from a 
dry solvent system (passed through a prepacked column of alumina) and used without further 
drying All air and water sensitive reactions were performed in flame-dried glassware under a 
positive pressure of prepurified argon gas. NMR (>H and "C) spectra were recorded on Bruker 
AMX-400 MHz or Bruker Advance DRX-500 MHz as noted individually, referenced to CDCl, 
(7 27 ppm for H and 77.0 ppm for l3 C) or CD,COCD 3 (2.09 ppm for 'H and 30.6 and 205.9 
ppm for "Q. Infrared spectra <TR) were obtained on a Perkin-Elmer FT-IR model 1600 
spectrometer. Melting point was tested on a dectrotamal series IA9100 digital melting pom. 
apparatus. Optical rotations were obtained on a JASCO model DIP-370 digital polarimeter. 
Analytical thin-layer chromatography was performed on E. Merck silica gel 60 F254 plates. 
Compounds which were not UV active were visualized by dipping the plates in para- 
anisaldehyde solution and heating. Preparative thin layer chromatography was performed usmg 
the indicated solvent on Whatman* (LK6F Silica gel 60 A 250 uM or Pk6F Silica Gel 60 A 1000 
UM) TLC plate. 
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10 


11 


(M, iS>Hex-5-ene-l,2,3-triol 2,3-acetonide (11): 

. „ m p * rH ,r a 1 2 B 27.7 mmol) in 30 mL THF was added KHMDS 
To a stirring suspension of Ph 3 P CH 3 1 (U..2g,i'< u ' 

(0 5 M in toluene, 46.0 mL, 23.0 mmol) at -78 °C. The solution was wanned up to 0 C and 
stirred for 30 min before cooled down to -78 °C. Acetonide 10 (Barbat, J, Gelas, I, Hortor, D 
Carbohydrates. 1983, 116, 312-316; incorporated herein by reference) (1.6 g, 9.2 mmol) m 
mL THF was added via cannula and the solution was warmed up to r.t. overnight (10 h) before 
quenched with saturated aqueous MWS solution, extracted with EtOAC (100 mL X 3). The 
organic iayers were combined and dried with anhydrous MgSO., filtered, and concentrated under 
reduced pressure vacuum. The residue was purified on a silica gel column using petroleum 
emer/EtOAc (4/1) as the eluant to afford 11 as acolorless oil (1.02 g, 68%). Mo 54.8 (c 0.26, 
CHC1 3 ) 'HNMR (400 MHz, CDCb) 5 1.34 (s, 3 H), 1.46 (s, 3 H), 2.02 (b, 1 H), 2.25-2.32 (m, 1 
H) 2 37-2.44 (m, 1 H), 3.65 (m, 1 H), 4.16-4.21 (m, 1 H), 4.24-4.28 (m, 1 H), 5.10-5.18 (m, 2 
H)' 5 79-5 89 (m, 1 H). "C NMR (100 MHz, CDC1,) 6 25.4, 28.1, 33.6, 61.6, 76.2, 77.8, 108.3, 
H7.3, 134.2. LRMS (ESI) calcd for «M*N.* [M+Naf: 195.1, found 194.9. LRMS (ESI) 
calcd for OH, 4 0 3 Cr [M-tCl]": 207.1, found 207.1. 



PivO 



Pivalate(12): . . 

To a solution of 11 (752 mg, 4.37 mmol), DMAP (106 mg, 0.874 mmol) and tnethylarmne (2.5 
ml 17.5 mmo.) in CH 2 C1 2 (8 ml) was added PivCl (1.1 ml, 8.74 mmol) a. 0 "C. The reaction 
mixture was warmed up to r.t. overnight (lOh) before quenched with saturated aqueous NaHCO, 
solution, extracted with EtOAC (100 mL X 3). The organic layers were combined and dned wrth 
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9 m 1 33 (s 3 H) 1.47 (s, 3 H), 2.28-2.41 (m, 2 H), 4.KM.13 (m, 2 H), 4.22-4.29 (n, 2 H), 
n \ 2 » 5 81 5 91 (m 1 H). »C NMR (100 MHz, CDCU) 6 25.9, 27.5, 28.4, 39.1, 


15 


found 278.9. 
PivO> 


20 


PivCX 



O 
12 

10 Alcohol 13: 



28.nL 1 425 nunol) at 0 T. The reaction mixture was warmed up tor,. over4hand H! O(0.1 
mL ) NaOH (3 M, 0.7 mL) andHA (30%, 0.2 mL) were added. The reaction mixture was 
Jed with H 2 0 2, h iater and acidified with citric acid (5%) tiU pH = 7. The nuxtore was 
extract with » washed with saturated aqueous Na 2 S 2 0„ H 2 0 and brine. The organ* 
,ayers were combined and dried with anhydrous MgSO., filtered, and concentrated under 

/EtOAc (1/1) as me eluan, to afford 13 as a colorless oil (156 mg, 88%). Mr, 82.4 (c 0.07 

H) 2 30 (b 1 H), 3.54 (m, 2 H), 4.08 (dd, 7= 6.1, 11.5 Hz, 1 H), 4.12 (dd, /- 5.6, 11.5 Hz, 1 H), 
lil m? 5(m 1 H).-CNMR(l(K»MHz,CDC, ! ) 5 25,,25.9,27,,28.0,29,,38,, 

found 297.1660, A = -6.0 ppm. 
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10 


15 



13 

tZZn of 13 (682 mg, 2.485 mmo,) in CB0, (5 mL), DMSO (5 mL) and E,N (3 mL) 
was added SCVpyridine complex (1.6 g, 10.2 mmol) a. 0 °C. The reaction mixture was stirred 
forlhbeforedi.utedwimEtOAcandwashe^wiaHCHO.SAO.HAsamratedaqueous 

NaHCO, soiution and brine. The organic layers were dried with anhydrous MgSO., filtered, and 
concentrated under reduced pressure vacuum. The crude aMehyde 14 was used directiy for nex. 
step without any further purification. OTTT , /1A T - 

To a suspension of Zn (Nano-size power, pre-activated, 390 mg, 5.949 mmo.) in THF (10 mL) 
was added propargy, bromide (80% in toluene, 0.53 mL, 4.759 mmol) at 0 °C. The reaction 
nnxture was stirred for 1 h a. 0 °C and a solution of aldehyde 14 thus obtained in THF (5 mL) 
was added and reaction mixture was wanned up to ,t. over 2 h before quenched with saturated 
aqueomr^ClsoluuonandextractedwiftEtOAc.Theorganiclayerswerednedwrth 

anhydrous MgS0 4 , filtered, and concentrated under vacuum. To a solution of crude a^holS 
thus obtained and 2,6-lutidine (0.6 mL, 4.76 mmo!) in CH 2 C k (8 mL) was added TBSOTf (0.82 
mL 3 57 mmo.) and the reaction mixture was stirred for 1 0 h before quenched with saturated 
aqu'eous NH.C1 solution, extracted with EtOAc (100 mL X 3). The organic layers were 
combined and dried witit anhydrous MgSO., fiKered, and concentrated under reduced pressure 
vacuum. The residue was purified on a silica gel column using petroleum ether/EtOAc (20/1) as 
dr. eluan, to afford 16 as a colorless oil (896 mg, 89% from ,3). >H NMR (400 MHz, CDCh) 5 - 
0.02-0.05 (m, 6 H), 0.80 (s,9H), 113 (s, 9 H), 1.26 (s, 3 H), 1.36 (s, 3 H), 1.42-1.74 (m, 4 H), 
1 81 (m, 1 H), 2.22-2.29 (m, 2 H), 3.78 (m, 1 H), 4.01-4.08 (m, 3 H), 4.12-4.17 (m, 1 H). C 
NMR (100 MHz, CDCW 8 18.0, ,8.1, 24.3, 24.7, 25.6, 25.8, 27.0, 27,, 27.2, 28.06, 28.07, 33.2, 
33 3 38 7, 62.8, 62.9, 70.1, 70.2, 70.4, 70.5, 75.2, 76.1, 77.1, 81.2, 108.20, 108.24, 178.,. 
HRMS (FAB) calcd for CHcftSH* [M+H] + : 427.2880, found 427.2880, A = -0.1 p P m. 
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10 


TBSO' 


PivCX 


o- 



TBSO 


16 17 

JHlttion of 16 (124 mg, 0.291 mmol) in MeOH (6 mL) was added NaOMe/MeOH (25%, 
0 2 mL) and the reaction mixture was stirred for 1 0 h before quenched with saturated aqueous 
MUCl solution, extracted with EtOAc (100 mL X 3). The organic layers were combmed and 
dried with anhydrous MgS0 4 , filtered, and concentrated under reduced pressure vacuum. The 
residue was purified onasilica gel column using petroleum ether/EtOAc(8/l) astheeluantto 
afford 17 as a colorless oil (87 mg, 88%). >H NMR (400 MHz, CDC1 3 ) 6 -0.02-0.00 (m, 6 H), 
0 80 (s, 9 H), 1.32 (s, 3 H), 1.38 (s, 3 H), 1.32-1.91 (m, 4 H), 1.90 (m, 1 H), 1.96 (b, 1 H), 2.23- 
2 31 (m 2 H), 3.53 (m, 2 H), 3.75 (m, 1 H), 4.08 (m, 1 H). "C NMR (100 MHz, CDC1 3 ) 5 -4.7, 
4 6 -4 5, 18.0, 24.5, 24.7, 25.5, 25.6, 25.8, 27.2, 27.4, 28.2, 33.2, 33.4, 61.7, 70.1, 70.2, 70.46, 
70.52, 76.9, 77.0, 77.9, 81.16, 81.24, 108.08, 108.14. HRMS (FAB) calcd for C 18 H 3 40 4 SiH 
[M+H] + : 343.2305, found 343.2305, A = -0.1 ppm. 


15 


20 



TBSO 



TBSO 


Enyne 18: 

To a solution of 17 (87 mg, 0.254 mmol) in DMSO (1 .0 mL), CH 2 C1 2 (1.0 mL) and Et jN (1.0 
mL) was added SO,-Pyrdine complex (20O mg, 2.032 mmo.) m 0 °C. The reaction mixture was 
stirred for 2 h before diluted with EtOAc and washed with HC1 (0.5 N), H 2 0, saturated aqueous 
NaHCOj solution and brine. The organic layers were dried with anhydrous MgSO„ filtered, and 
concentrated under reduoed pressure vacuum. The crude aldehyde was used directly for next step 
without any further purification. 
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15 


To a stirring suspension of Ph/W (204 mg, 0.505 mmol) in 3 mL THF was added KHMDS 
(0 5 Mm toluene, 0.9 mL, 0.454 mmol) at -78 °C. The solution was warmed up to 0 °C and 
stirred for 30 mil. before cooled down to -78 °C. Aldehyde obtained as mention above m 2 mL 
THF was added via cannula and the solution was warmed up to r.t. overnight (1 0 h) before 
quenched with saturated aqueous NH4CI solution, extracted with EtOAc (100 mL X 3). The 
organic layers were combined and dried with anhydrous MgSO„ filtered, and concentrated under 
reduced pressure vacuum. The residue was purified on a silica gel column using petroleum 
ether/EtOAc (40/1) as the eluant to afford 18 as a colorless oil (73 mg, 86%). 'H NMR (400 
MHz CDC1,) 5 -0.05 (s, 3 H), 0.02 (s, 3 H), 0.83 (s, 9 H), 1.27 (s, 3 H), 1.43 (s, 3 H), 1.43-1.78 
(m 4 H), 1.92 (b, 1 H), 2.23-2.31 (m, 2 H), 3.76 (m, 1 H), 4.05-4.10 (m, 1 H), 4.43-4.45 (m, 1 
H) 5 02-5.05 (m, 2 H), 5.71-5.80 (m, 1 H). »C NMR (100 MHz, CDCU) 8 -4.30, -4.1 1, 18.4, 
260 26.1, 26.2, 26.5, 26.8, 27.7, 27.8, 28.62, 28.64, 33.2, 33.6, 70.4, 70.5, 71.07, 71.13, 78.6, 
78.8, 80.2, 81.78, 81.82, 108.5, 118.6, 118.7, 134.7, 134.9. HRMS (FAB) catai for 
C„H M 0 3 SiNa* [M+Naf: 361.2175, found 361.2175, A = 0.0 ppm. 


20 



TBSCT — - - TBSO 



o- 

19 


Acid 19: 

To a solution of 18 (586 mg, 1.731 mmol) in E.,0 (16 mL) was added BuLi (1.6 M in hexane, 
1817 mmol) at -78 °C and stirred for 5 min before quenched with dry ice and warmed up to r.t. 
The reaction mixture was washed with NaOH (0.1 M) and the aqueous layers were combined 
and acidified by HC1 (0.1 M) until the pH = 2. The aqueous layer was extracted with EtOAc and 
the organic layers were combined and dried with anhydrous MgS0 4 , filtered, and concentrated 
under reduced pressure vacuum and dried on high vacuum. 'HNMR(400 MHz, CDCb) 5 -0.03 
(s 3 H), 0.00 (s, 3 H), 0.79 (s, 9 H), 1.17 (s, 3 H), 1.40 (s, 3 H), 0.95-1.68 (m, 4 H), 2.38-2.39 
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(m 2 H), 3.80 (b, 1 H), 4.06 (m, 1 H), 4.43 (m, 1 H), 5,4-5.36 (m, 2 H), 5.67-5.76 On. 1 H), 
1 0.5 (bs, 1 H). This crude was used directly for next step without any further punficauon. 


10 


15 


TBSO 



Ester 20' 

To a solution of acid 19 (249 mg, 0.65! mmol) m toluene (15 mL) was added alcohol 4 (0.081 
mL, 0.781 mmd), PPh 3 (205 mg, 0.78! mmol), DIAD (0.154 mL, 0.781 mmol). The — 
mixture was steed for 10 h and the solvent was removed under reduced pressure vacuum. The 
r esidue was purified on a silica gel column using petroleum ether/EtOAc (40/1) as the eluant to 
afford 20 as a colorless oil (255 mg, 85% for two steps). 'H NMR (400 MHz, CDCU) 8 -0.06- 
0.00 ,m, 6 H), 0.80 (s, 9 H), 1.17 (d./- 6.2 Hz, 3 H), 1.28 (s, 3 H), 1.38 (s, 3 H), 1^-134 (m 
4 H), 2.20-2.24 (m, 1 H), 2.237-2.31 (m, 1 H), 2.35-2.37 (m, 2 H), 3.78-3.81 (m, 1 H), 4.03-405 
(m 1 H) 4.40-4.43 (m, 1 H), 4.94-4.96 (m, 1 H), 5.00-5.04 (m, 2 H), 5.14 (m, 1 H), 5.22 (dd, 7= 
6 7 7 1 Hz 1 H), 5.67-5.72 (m, 2 H). »C NMR (100 MHz, CDCU) 5 -4.64, -4.58, -4.55, 0.0, 
« 0 19 3 25.6, 25.7, 25.8, 26.1, 26.3, 27.6, 27.7, 28.2, 28.3, 33.3, 33.6, 40.0, 70.10, 70.12, 72.0, 
74 9 ' 78 1 78.3,79.80, 79.82, 86.1, 108.2, 108.3, 118.1, 118.3, 118.4, 133.2, 134.2, 134.4, 153.2. 
HRMS (FAB) calcd for CrfWHBH* [M+H] + : 451 .2880, found 451.2881, A = -0.3 ppm. 



20 


TBSO 


20 

Cobalt-complex 21: 


(OC) 3 Co 
(OC) 3 Cd 


TBSO 
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10 


To a solution of 20 (20 mg, 0.044 nunc.) in toluene (2.5 mL) was added Co 2 (CO), (21.2 mg, 
0 062 mmol). lb. reaction mixture was stirred for 30 min before filtered through neutral alumna 

(Whatman® Pk6F Silica Gel 60 A 1000 uM) using Hexanes^tOAc (20/1) as the eluan, to afford 
,1 as a purple oil (30 mg, 94%). 'H NMR (400 MHz, CDCb) 5 0.07-0.09 (m, 6 H), 0.90 (s, 9 H), 
, 30 V.J- 8.1 Hz, 3 H), 1.33 (s, 1.6 H), 1.34 (s, 1.4 H), 1.45 (s, 1.6 H), 1.47 (s, 1.4H), 1.25- 
,46 On 1 H), 1.58-1.89 (m, 2.5 H), 1.89-1.95 (m, 0.5 H), 2.37-2.40 (m, 2 H), 3.00-3.12 (m, 2 
H) 3 82-3.86 (m, 1 H), 4.08-4.14 (m, 1 H), 4.47-4.5, (m, 1 H), 5.07-5.14 (m, 3 H), 5.21 (0,7= 
10 4 Hz 1 H), 5.29 (d. J - 17.1 Hz, 1 H), 5.73-5.84 (m, 2 H). »C NMR (100 MHz, CDC1 3 ) 8 
,8 , 19 4 25.6, 25.8, 26.5, 27.0, 28.16, 28.2, 32.7, 33.0, 40.3, 41.9, 42.1, 71.9, 72.8, 73.0, 78.2, 
169 0 197 HRMS (FAB) calcd for CHrffcCSH* [M + H]* : 737.1239, found 737.1240, A - 


-0.2 ppm. 


15 


20 


(OC) 3 Co 
(OC) 3 Co 


TBSO 



(OC) 3 CoJ 
(OC) 3 Co' 


TBSO 



25 


Macrolactone 23: . 

To a solution of 21 (339 mg, 0.460 mmol) in CH 2 C1 2 (80 mL) was added 2" generate Gmbbs 

catalyst (97 mg, 0. 1 15 mol) in CH 2 C1 2 (1 5 mL) via cannula at r.t. The reaction mixture was 

purified on preparative TLC (Whatman® Pk6F Silica Gel 60 A 1000 uM) using Hexanes/EtOAc 
(,0/1) as the eluant to afford 23A as a purple oil (123 mg, 38%). fa] D " -44.7 ( e 0.25, CHC1 3 ). H 
NMR (400 MHz, CDCU) 8 0.08 (s, 3 H), 0.09 (s, 3 H), 0.9! (s, 9 H), 1 .31 (d, / - 6.3 Hz, 3 H), 
, 35 (s, 3 H), 1.45 (s, 3 H), 1.39-1.59 (m, 2 H), 1.65-1.72 (m, 1 H), 1.93-1.97 (m, 1 H), 2.22-2.3, 
(m 1 H),2.42 (d,,y= 12.9, 1.83 Hz, 1 H), 3.08 (dd.7- 16.0, 1.5 Hz, 1 H), 3.23 (dd,7= .6.0 
9 4 Hz 1 H), 3.92-3.95 (m, 1 H), 4.01-4.06 (m, . H), 4.40 (dd, J- 9.4, 5.7 Hz, 1 H), 5.53 (ddd, J 
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709.0926, found: 709.0924, A - 0.2 ppm. 

„), 1.67 (n, 1 H), 1.88-1.93 (n,, > ^ ^ (m , 1 H), 4.42 (dd. / 

26.9,28.6,32.4,40.7, • SiH* rM+Hl + ' 709.0926, found: 709.0924, A = 0.2 ppm. 

HRMS(FAB)calcdforC 29 H38Co 2 0 1 ,SiH LM+tij 


15 


20 


(OC) 3 Co^ 
(OC) 3 Co' 


25 



TBSO 


Macrohde 7. dd ^ CAN (475 mg , 0.868 

f v* a n me 0 174 mmol) in acetone (10 mi.; wd* a 
To a solution of 23A (123 mg,u.i/ w h tWdi neutral alumina and the 

(m , 1 H), 2.28-2.3! (m, 1 H), 234- .4 (m ), ch) 5 . 4 . 8>18 . 4 , 

153.8. 
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V^^* — *-***-'*™'*"*** 1 ' 4 ™** 1CHCU, 
■H NMR (400 MHz, CDC.,) 5 0.00, (s, 3 H), 0.0! (s, 3 H), 0.8! (s, 9 H), ..26 «W - 6 . ^ 3 
ffl 134< 3H) 141 ( S ,3H) > 1.53-..59(m, 2 H),..77-..8.(n 1 ,2H),2..9-2.24(n,,.H), 2.24- 

^ Cm r» » M 47 (m, 2 H), 3.80 0>, . H), 3,1-3.93 (m, . H), 4.34-4.40 (m, . H), 4.75- 
7 t 7^0 24 25 5, 5.6, 25.7, 25.9, 28.0, 28.2, 28.3, 28.4, 29.6, 36.0, 36.7, 40.0, 40,, 69.5, 
C JS H«C,SiNa* [M+Naf: 473.2699, found: 473.2700, A = 0.2 ppm. 


10 


15 


20 



OTMS 


TMSO 




25 


Resorcydlc macrolide 24: 

Macro, de 7A (26 mg, 0.C5 mmo.) was transfer ,o a via. and 0.2 mL diene 8 was added. Tta 
vial was sea.ed and heated .0 .40 0 °C for 36 h. Ib. crude mixture was purified on prepare 
TIX (Whatman® P*6F Sirica Gel 60 A 1000 uM) using Hexanes/EtOAc (2/.) as me e.uan. to 

CDCW o -0.15, (s, 3 H), 0.09 (s, 3 H), 0.89 (s, 9 H), 1.36 (s, 3 H), 1.38 (s, 6, Hz^ H) .50 
3 H) 1 25-1 39 (m, 4 H), 1.71-1.76 (m, 1 H), 2.54-2.57 (m, 2 H), 2.60-2.64 (m, 1 H), 3.63- 
2 » 4.08-4. 1 (m, 1 H), 4.48 (m, 1 H), 5.22-5.26 (m, 1 H), 5,4 (hs, 1 H), 5.70-5,5 
rS6^(d,,= 2,H Z ,lH),6,8(d,^,6Hz,lH),n,(s,lH).^m«( 1 00M^ 

S -4 5 -4,, 0.4, 14.6, .8.4, 21.3, 21.5, 24,, 25.9, 26.3, 28.6, 32.4, 40,, 42.4, 70.0, 73.5, 

1«* I«* "8.7, 111.6, 130.5, 131.6, 14,7, 160.4, 165.0, 17,1. HKMS 

„ tt ^ C-U+ r\/r+Wl + - <507 2778 found: 507.2777, A = 0.2 ppm. 
(FAB) calcd for C27H42O7S1H [M+HJ . M>/.// /o, 
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10 


CHCW 'H NMR (400 MHz, CDC1,) 5 0.00, ft 3 H), 0.14 (s, 3 H), 0.99 (s, 9 H), 1.50 (s, 3 H), 
» 3 09 (dd 7 - 3.8 Hz, 2.5 Hz, 1 H), 3.45 (dd, 7- 13.8, 7.8 Hz, 1 H), 4.02-4.04 (m, 1 H), 4^20- 

108 5 112.7, 130.1, 130.5, 144.2, 160.7, 164.9, 171.7. LRMS (ESI) calod for CrfWWfl* 
[M+ Nar: 529.2, found: 529.1 . LRMS (ESI) oaied for Q,H«0 7 SiCr [M + C1V: 541.3, found, 


541.2. 


HO Q 



MOMO O 


MOMO 



MOM ether 25: 

15 To a solution of 24A (23 mg, 0.045 mmo!) in CH 2 C., (0.5 mL) was added 

diethylpropyle*y.arnine (0.08 mL, 0.450 mmo.) andMOMC! (0.0,8 mL, 0.227 nunc!). The 
reacuonmixture was snrred for 10 h before quenched wHh saturated aqueous NH4CI solution, 
extracted with E.OAC (100 mL X 3). The organic layers were combined and dned wtth 
anhydrous MgSO., Sltered, and concentrated under reduced pressure vacuum. The res.duewas 

20 purinedonpreparauveTLCfWhatm^ 

■H NMR (400 MHz, CDC, 8 0.00, ft 3 H), 0.,0 (s, 3 H), 0.93 (s, 9 H), 1.39 (s, 3 H), 1 39 43 
H) 1 48 (s 3 H), 1.42-1.48 (m, 1 H), 1.60-1.64 (m, 2 H), 1.72-..77 (m, 1 H), 2.41-2.45 (m, 2 H), 
I ^^;; ( ;^;4.6Hz,lH,,2.89(d 4 ,--4,,1.6Hz,,H),3.4 7 (s,3H) 
25 3.98 (m, 1 H), 4.09-4,5 (m, 1 H), 4.73 (dd.7- 9.0, 6.0 Hz, 1 H), 5.13-5.19 (m, 4 H), 5.30-5.36 
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(m 1 H) 5 57 (dd, J- 15.4, 9.1 Hz, 1 H), 5.70-5.77 (m, 1 H), 6.68 (d, 7= 2.0 Hz, 1 H), 6.86 (d, 
/= 2 0 Hz 1 H). 13 C NMR (100 MHz, CDCI3) 5 -4.3, -4.2, 0.5, 18.4, 21.6, 24.0, 25.9, 26.3, 28.7, 
30.1, 32.3, 40.1, 40.4, 56.5, 56.6, 71.4, 71.6, 80.3, 94.7, 94.9, 101.8, 108.5, 111.4, 119.8, 130.2, 
132.4, 139.4, 155.3, 158.6, 168.4. 

25B was prepared by same procedure from 24B. 25B: (58 mg, 83%). [ct] D 25 -16.2 (c 0.29, 
CHCI3). >H NMR (400 MHz, CDCI3) 6 -0.17 (s, 3 H), -0.06 (s, 3 H), 0.81 (s, 9 H), 1 .26 (s, 3 H), 
1 33 (d J= 6.1 Hz, 1 H), 1.38 (s, 3 H), 1.17-1.52 (m, 4 H), 2.30-2.36 (m, 2 H), 2.61 (dd, J= 
14 2 6.0 Hz, 1 H), 2.71 (dd, J= 14.2, 6.9 Hz, 1 H), 3.39 (s, 3 H), 3.40 (s, 3 H), 3.80-3.83 (m, 1 

10 H) 4 10-4.14 (m, 1 H), 4.41 (dd, J= 8.9, 6.1 Hz, 1 H), 5.04-5.09 (m, 4 H), 5.20-5.23 (m, 1 H), 
5 43 (dd J= 15.3, 9.1 Hz, 1 H), 5.60-5.67 (m, 1 H), 6.46 (s, 1 H), 6.60 (s, 1 H). 13 C NMR (100 
MHz, CDCI3) 5 -4.2, -3.8, 18.4, 21.3, 25.8, 26.2, 26.25, 26.3, 28.6, 33.0, 39.8, 40.0, 42.0, 56.5, 
56.6, 71.7, 74.5, 78.6, 79.9, 94.7, 94.9, 101.5, 108.3, 111.2, 119.8, 131.0, 131.4, 139.2, 155.8^ 
158.9, 168.5. HRMS (FAB) calcd for C 31 H 50 O 9 SiH + [M+H] + : 595.3302, found: 595.3304, A - - 

15 0.3 ppm. 


25 


MOMO 


MOMO' 



MOMO 


MOMO 



Alcohol 26: 

20 To a solution 


of 25A (21 mg, 0.035 mmol) in THF (1.4 mL) was added pyridine (0.6 mL) and 


HF-pyridine (30%, 0.3 mL). The reaction mixture was 


stirred for 10 h before quenched with 


MeOTf (2 mL) and stirred for 1 h. The solvent was removed under reduced pressure vacuum. 
The residue was purified on preparative TLC (Whatman® Pk6F Silica Gel 60 A 1 000 uM) using 


105.2 


Hexanes/EtOAc (1/1) as the eluant to afford 26A as a colorless oil (12 mg, 78%). [a]» 
(c 0.06, CHCI3). 'H NMR (400 MHz, CDCI3) 5 -0.05 (s, 3 H), 0.05 (s, 3 H), 1.35 (s, 3 H), 1.38 
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10 


15 


(d ,^ 6 ,Hz,3H), 1 .4 6 (s,3H), 1 .6 1 - 1 .8 1(nl ,4H),2.40-2.4«( nl ,2H),2, 

jL 1 H) 2 8! (dd, /- 14.1, 4.7 Hz, . H), 3.46 (s, 6 H), 3.89 (b, 1 H), 4.10-4.14 (m, 1 H), 4.56 

CDCW 621.5, 25.1, 25.7, 28.6, 30.., 32.3, 40.0, 41.6, 56.6, 56.7, 70.5, 72.0, 80.1, 94.7, 94.9, 
10 1.9, 108.2, 111.0, 119.7, 130.6, 132.7, 138.3, 155.8, 159.1, 168.4. HRMS (FAB) calcdfor 
C 25 H 36 0^ [M+H] + : 482.2438, found: 482.2437, A = 0.1 ppm. 

26B was prepared by same procedure from 25B. 26B: (20 mg, 87%). [a] D -32.0 (c 0.10, 
CHCW 'H NMR (500 MHz, CDCW 8 1.18 (m, 2 H), 1.35 (s, 3 H), 1.37 (d, J- 6.2 Hz, 1 H), 
1 42 (s 3 H), 1.55-1.69 (m, 2 H), 1.98-2.06 (m, 1 H), 2.42-2.48 (m, 3 H), 2.78 (dd. J- 13.8, 2.4 
£ k 3 -3,0 (m, 6 H), 3.62-3.67 (m, 1 H), 4,9-4,5 (», 1 H), 4.49 
H) 5 11-5.18 On. 4 H), 5.36-5.42 (m, 1 H), 5.56 (dd./ - .5.4, 9.5 Hz, 1 H), 5.65-5.72 (m, 1 
6 57 (d J- 2.0 Hz, . H), 6.66 (d, /= 2.0 Hz, . H). »C NMR (.00 MHz, CDCW 8 21.6, 25.8, 
26.8, 2,6, 32.0, 39.8, 42.6, 56.5, 56.7, 72.3, 74.8, 80.3, 94.7, 94.9, 101.8, 108.6, 1*7 108*, 
110.7, 119.5, 129.9, 132.8, 138.7, 155.9, 159.0, 168.7. HRMS (FAB) ealcd for WWW 
[M+Hf : 482.2438, found: 482.2437, A = 0.1 ppm. 


MOMO 


MOMO 



MOMO 


MOMO 



20 


25 


Diene 27: . 
A solution of Martin's sulfurane dehydration agent (140 mg, 0.208) was added m.o a vral 
containing 26B (20 mg, 0.042) a. 0 °C. Tto reaction mixture was wanned up to r.t. over 2 h and 
the crude was purified on preparative TLC (Whatman* Pk6F Silica Gel 60 A 1000 uM) using 
Hexanes/EtOAc (1/1) as the eluant to afford 27 as a colorless oil (16 mg, 84%). Mo -123.8 (c 
0 08 CHCW. 'H NMR (500 MHz, CDC1 3 ) 5 1.35 (s, 3 H), 1.36 (d, J' 6.0 Hz, 3 H), 1.46 (s, 3 
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H) 1 49-1 55 (m, 1 H), 1.80-1.85 (m, 1 H), 2.07-2.1 1 (m, 1 H), 2.29-2.32 (m, 1 H), 2.45-2.55 (m, 
S 4 1^5 (m,6H), 4,6-4.21 (m ,lH),4,6(dd,,= 9,,5,H Z ,lH,lH),,10-5,0( m , 
4 S '3 - 36 m 1 H^, 5,9 (dd, ,=!5,, ,6 Hz, ! H), 5,0-5,7 (n. 1 H), 5,5 ( m , ! ^6.24 

CDCU) 8 21.1, 25.8, 28.6, 28.7, 29.0, 39.5, 71.6, 80.1, 84.3, 94.6, 102.6, 104.8, 108.3, 117.9, 
124.8, 128.4, 129.3, 131.9, 132.3, 136.8, 155.1, 158.9, 167.3. HRMS (FAB) calcd for 
C 25 H 3 40 8 H + [M+H] + : 463.2332, found: 463.2333, A = -0.2 ppm. 


10 


15 


27 


could also be obtained from 26A using same procedure (90%). 


20 


MOMO Q 


HO O 



25 


MOMO ( 

OH 

Aigialomycin D(1) 
Aigialomycin D (1): 

To a solution of 27 (16 mg, 0.035) inMeOH (1.5 nO.) was addedHC. (1 N, 1.5 mL) and stirred 
for 2 d The reaction was quenched with saturated aqueous NaHC 0j solution and exacted w,th 
EtOAc. The organic layers were combined and dried over anhydrous MgSO. filtered and 
concentrated under reduced vacuum. The crude was purified on preparative TLC 
(Whatman* Pk6F Silka Gel 60 A 1000 uM) using MeOH/CH 2 Cl 2 (5%) as the eluant to afford 1 
as a white sohd (8 mg, 69%). Mp: 84.2-86.9 °C. [a] D » -18.0 (c 0.03, MeOH). IR (neat) 3346, 
1643 1607 1311, 1261,1166, 1017,968. ' H NMR (500 MHz, acetone-*) 8 1.39 (d,/= 6.4 Hz, 
3 H),'l.58-i.6> (m, 1 H), 2.14 (m, 1 H), 2.32-2.36 (m, 2 H), 2.43-2.46 (m, 1 H), 2.57 (ddd, /= 
,4.5, 7.3, 3.1 Hz, 1 H). 3.56 (br, 1 H), 3.64 (m, 1 H), 3.76 (br, 1 H). 4.35 (brd, / - 4.1 Hz, 1 H), 
5.41-5.47 (m, 1 H), 5.69 («./- ISA 5.1 Hz, 1 H), 5.87 (dddd,/= 15.6, 7.4, 7.4, 1.4 Hz, 1 H), 
6 ,0 (ddd, /- 15.9, 5.5, 5.7 Hz, 1 H), 6.28 (d,/= 2.3 Hz, 1 H), 6.53 «U- 2.3 Hz, 1 H), 7.16 
(d J= 15 9 Hz, 1 H), 9.10 (bs, 1 H), 11.7 (s, 1 H). 1! C NMR (125 MHz, acotone-*) 8 19.2, 28.1, 
28 ' 8 38.1, 73.1, 73.4, 76.7, ,02.6, 104.6, 107.9, 125.6, 130.8, 133.8, ,35.9, 144.5, ,63.2, 166.0, 
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172 3 LRMS (ESI) calcd for CHrfW [Na+H] + : 357.1, found: 357.3. I*MS (ESI) calcd for 
C, A.W [M-H]~: 333.1, found: 333.1. LRMS (ESI) ealcd for C, 8 rfa0 6 CT [M+C1] : 369.1, 
found- 369.0. HRMS (TOF) calcd for CfeOsNa* [M+Naf: 357.1314, found: 357.1325, A = 
3 1 ppm All the physical data are consistent with the reported value (Isaka, M, Suyamsestakom, 
C, Tanticharoen, M, Kongsaeree, P, Thebtaranonth, Y. /. Org. CHem. 2002, 67, 1561-1566; 
incorporated herein by reference). 


! H NMR Data of Aigialomycin D 

nosition I Isolated Aigialomycin D by Isaka _ . 

Synthetic Aigailomycin D _ 

3 M 

3.27 (d, 2.4) { 

5.28 (d, 2.3) 

5 |< 

5.52 (d, 2.4) !' 

5.53 (d, 2.3) 

V v 

I 1 

7.14 (d, 15.9) 

7.16 (d, 15.9) 


2' ||< 

5.09 (ddd, 15.9, 5.6, 5.4) 

6.10 (ddd, 15.9, 5.7, 5.5) 


3' J 

2.31-2.34 (m) 

2.32-2.36 (m) „. 


.i 

2.31-2.34 (m) , 

2.32-2.36 (m) 

4' ! 

2.14 (m) _ - 

2.14 (m) „ 

1.58-1.61 (m) . — i 

5' 

1.58 (m) J 

3.62 (m) I 

3.64 (m) ...... J 

6" | 

4.35 (brd, 4.3) . _ 

4.35 (brd, 4.1) _ 


7' _ _ j 

5.68 (dd, 15.7, 5.0) _ J 

5.69 (dd, 15.6, 5.1) 


i8' _ _J 

5.87 (dddd, 15.7, 7.3, 7.3, 1.2) 

5.87 (dddd, 15.6, 7.4, 7.4, 1.4) 


19' { 

2.55 (ddd, 14.6, 7.5, 3.2) 

2.55 (ddd, 14.5,7.3,3.1) .. _ J 


2.42 (m) 

2.43-2.46 (m) J 

10'_ 

5.42 (m) 

5.41-5.47 (m) ! 

io;-ci/3 

1.38 (d, 6.4) 

1.39 (d, 6.4) 

2-0/7 

! 11.65 (s) ,. 

! 11-7 (s) 

;4-0# 

9.5 (br) 

1 9.1 (br) 

\5'-OH 

not detected 

3.56 (br) 

¥-° H 

1 not detected 

1 3.76 (br) 
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Exampl , 2-Concise Route to Benzofused Macro.ac.ooes via Ynolide,: CyCproparadicic. 


10 


15 


20 



MeO, 


MeO 1 


X=ORadicicol (1) 
X= CH 2 Cydoproparadicicol (2) 



geldanamycin (3) 
Structures of Hsp90 Inhibitors 


bCONH 2 


In this Example, we report a new approach to the broad family of resorcinylic fused 
m acrolides. The underlying concept is captured graphically in Scheme 2-1 , which is directed to 

synthesis of model compound 13 iyide infra), andhas been further estabhshed in ongomg work, 
thememodisqmte general. Thecen^^^ 

intermediate audits advancement to the benzomacrolide by a Diels-Alder cycloadchW The 
ynolide is constructed through olefin metathesis, enabled only by presentation of the acetylene 
linakge as its dicobalt hexacarbonyl cluster (see 9 -> 10 and 14 -> 15) (Young, D. G, Burlison, 
J. A.; Peters, U. J. Org. Chem. 2003, 68, 3494; incorporated herein by reference). 

Scheme 2-1. New Synthetic Strategy 


L = H 





ynolide 


cydoproparadicicol (2) 


Our synthesis commenced with commercial 2,4-hexadienal (sorbaldehyde, 5, Scheme 2- 

2) Refonnatsky-like condensation of propargyl bromide (4) with 5, fo.lowed by TBS ether 

protection and subsequent reaction of the lithium alkynide ion with CO, provided ac,d 6. 
FoH„wingreactionofrace™c6andmeknownop,icallypureanddefmedalcoh„17(Yamamoto ; 

K • Gabaccio, R. M, Stachel, S. J.; Solit, D. B, Chiosis, G., Rosen, N, Danishefsky, S. J. 
A,gew Chem. In,. Ed. 2003, 42, 1280; incorporated herein by reference) under Mitsonobu 


3635761vl 
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conditions, ester 8 was obtained. 

Scheme 2-2. Synthesis of the Acyclic Alkynoic Ester 

CO,H HO^bL? °Y° V H >< |1 
OTBS 6 OTBS 8 

.., ,^ 7n THF 66%- (b) TBSC1, imidazole, DMAP, CH 2 C1 2 , 100%; 

Projected ring-closing metathesis (RCM) reactions were conducted with a cyclic alkyne. 
Unfortunately, triene 8 failed to cychze under a variety of RCM conditions. Wetookthts 
negative finding to reflect impediments to cychzation arising from the linear character of the 
acetylene, possibly aggravated by rigidities associated with Ore (rans-disubstituted cyclopropane. 
A more flexib.e mode, compound was prepared from acid « and 5-hexen-l-ol, and subjected to 
RCM reactions (Scheme 2-3). Again, only starting materia, was recovered. Asidefromthe 
constraint to cyclization imposed by linear aKyne, the cyclization could further be completed 
by non productive coordination of the acetylene to the RCM catalytic machinery. It rs well 
known mat reaction of dicobalt carbonyl with acetylenes can lead to stable complexes 
(Greenfield, H, Sternberg, H, W,; Friedel, R. A, Wotiz, J. H, Markby, R, Wender, I. J. Am. 
CHent Soc. 1956, 78, 120; Nicholas, K. M, Pettit, R. Tetrahedron Lett. 1971, 3475; each of 
which is incorporated herein by reference), wherein the geometry of cobalt-complexe4 aikynes rs 

distorted to approximately 140" (Dickson, R. S, Eraser, P. J. Adv. Organomet. CHem. 1974, 12, 

323- incorporated herein by reference). 
In the event, cyclization of 9 proceeded smoothly under the conditions shown. Following 

oxidative removal of the cobalt using ammonium cerium (TV) nitrate (CAN), the desired cychc 

alkynoic ester 11 was generated in high yield (Scheme 2-3). 
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10 


15 


20 


Scheme 2-3. Synthesis of the Model Resorcinylic Macrolactone 

6 — " oc- c .° \^qT; OC 6o CO^OTBS 
CO Co OTBS ^ I "CO 

I CO CO 10 

CO 9 10 



a AM***- (A 5 hexen-l-ol EDC/DMAP, CH 2 C1 2 , 59%; (b) Co 2 (CO) 8 , PhMe, 
Reagents and conditions, (a) 5-nexen i oi, > . op CAN 

86%- (c) 2 nd generation Grubbs catalyst (25 mol%), CH 2 C1 2 (0.2 mM), 45 C, 71 /o, W cain, 
acetone, -10 °C, 92%; (e) 140 °C, neat; then Si0 2 , 60%. 

Construction of the resorcinylic skeleton called for a Diels-Alder reaction of 11 with a 
1 3-bis-oxygenated diene. We found that the known dimedone-derived diene, 5,5-dimethyl-l,3- 
bis-trirnethylsilyloxy-cyc^ T, Mori, Y, Aoyama, T, Inubushi Y. CHem 

PHarm. Bull. 1978, 26, 456; Langer, P.; Schneider, T, Stoll, M. CHem. Eu, J. 2000, 6, 3 0; each 
of which is incorporated hereinby reference) (12, Scheme 2-3), served our purpose best. Indeed, 
Diels-Alder reaction of cyclic alkyne 11 with 12 proceeded smoothly at 140 *C, providing the 
desired aromatic product 13 in 60% yield, after concomitant retro-Diels-Alder loss of isobutene 
from the initial adduct, and hydrolysis of me trimethylsilyl ether groups during chromatography. 

We applied this strategy to the targeted system (8). Gratifyingly, under the same RCM 
conditions, cyclopropane-containing cobalt complex 14 cyclized to give 15 in 57% yield, as a 2:1 
mixture of two diatereomers (Scheme 2-4) (Here, we described only the conversion of the major 
isomer of 15 to 2. Hie other isomer worked equally well). In this case, removal of cobalt on 15, 
however, proved to be challenging, presumably due to the presence of the sensitive vinyl 
cyclopropane functionality. After screening a variety of conditions, we found that I 2 -THF 
worked well (Tanaka, S.; Tsukiyama, T, Isobe, M. Tetrahedron Lett. 1993, 34, 5757; 
incorporated herein by reference). Hie key cyclic alkyne dienophile 16 was thus obtained m 
69% yield. 
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Scheme 2-4. Synthesis of the Ynolide 




(OOaCo* 

(OC)sCo OTBS 

15 16 OTBS 



Reagents and conditions: (a) Co 2 (CO) 8 , PhMe, 100%; (b) 2" d genera-tion Grubbs catalyst (25 
mol%), CH 2 C1 2 (0.2 mM), 45 °C, 57%; (c) I 2 , THF, 0 °C, 69%. 

Diels-Alder reaction of 16 with diene 12 furnished the desired product 17 in 75% yield 
(Scheme 2-5). Transformation of 17 to the desired ketone by direct oxidation turned out to be a 
non-trival matter. In the end, it was accomplished following protection of the two phenolic 
functions, as shown, by straightford transformations to afford dechlorinated analogue 19 
(Scheme 2-5). Finally, regioselective chlorination of 19 using S0 2 C1 2 in CH 2 C1 2 (Yamamoto, 
K.; Gabaccio, R. M.; Stachel, S. J.; Solit, D. B, Chiosis, G., Rosen, N.; Danishefsky, S. J. 
Angew. Chem. Int. Ed. 2003, 42, 1280; Garbaccio, R. M .; Stachel, S. J.; Baseschlin, D. K.; 
Danishefsky, S. J. J.. Chem. Soc. 2001, 123, 1090; each of which is incorporated herein by 
reference), converted 19 into cycloproparadicicol (2). 

Scheme 2-5. Completion of the Synthesis 



i D I — R = H 17 OH f (— X = H19 

16 OTBS 0R b U> R = Ac18 T U-x=CI 


• . , - , v , , , , n or npat 750/.. (h) Ac 2 0, DMAP, DMF, 87%; (c) HF/Pyr. 
EES ffiaS^ (- step,); (.) 5% NaHCOyMeOH, 92.,; (f) 

20 SO 2 Cl 2 ,CH 2 Cl 2 ,0°C,61%. 

In summary, a new efficient synthetic route has been developed for a pre-clinical 
candidate, cycloproparadicicol (2) and, by extension, to a broad range of benzofused 

macrolactones. 
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Genera. Methods: Reagents obtained from commercial suppliers were used without fururer 
purification un,ess otherwise noted. THF, toluene, and me.hy.ene ch,oride was obtatn^om 
dry solvent system (passed through a prepacked co.umn of alumina) and used wrthou further 

500 MHz as noted individually, referenced to CDC (7.27 ppm for >H and 77.23 ppm for C). 
Optica, rotations were obtained on a JASCO mode, DfP-370 digital polarimeter. Low resohmon 
mass spectra (ESI) were determined with a PESciex AP .30 spectrometer. High reso.ut.on mass 
spectra (FAB) were determined a, Chemistry Department of Co.umbia Universtty. Hash 
chromatography was performed with silica ge. (230-400 mesh) from EM Science as the 
stationary phase. Ana,ytica, thin-.ayer chromatography was performed on E. Mere, - to gel 60 
F254 plates. Compounds which were not UV active were visualized by dipping the p.a,es m 
phosphomo.ybdic acid sotation and heating. Preparative dun layer chromatography was 
performed using the indicated so.ven. on Whatman® (LK6F Silica ge, 60 A 250 uM or PKF 
Silica Gel 60 A 1000 pM) TLC plate. 


15 


CO,H 


20 


OTBS 6 

Acid « To a suspension ofaenvated zinc (15 g, 230 mmol) in dry THF (50 mL) at 0 °C was 
added propargy, bromide 4 (.9.2 mL SO wt% in toluene, 172 mmo,). The resuMng mixture was 
stirred at 0 »C for 1 hr, and sorbaldehyde 5 (12.7 mL, 115 mmol) was added After 1 hr at 0 C, 
additional zinc (4.5 g, 69 mmol) was added, and stirring was continued for 2.5 hrs a« room 
temperature (the reaction was exothermic and ice bath was needed occasionally to *eep the 
temperature down). The reaction was quenched by slow addition of sat. aqueousNftCl (500 
mL) fol.owedbydi.utingwithE.,0 (1 L). The layers were separated, and the organic layer was 
washed with H 2 0 (300 mL), brine (300 mL), dried (Na 2 S0 4 ), filtered and concentrated tn 
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vacuum. The residue was disso.ved in CH 2 C, 2 (750 mL) with imidazole (9.8 , ,m nuno), 
butyldimethylsily. chloride (19 g, 126 mmo.) and ^^^ ( ^' 
^o,), and stirred a, room tempera^ for 3 hrs. Additiona. inndazo.e (4.9 g, 72 n^l) and - 

separated, and the organic layer was washed with H 2 0 (200 mL), brine (200 rnU dned 
<N*SQA Altered and concentrated in vacuum. The residue was purified by flash 

g 52% ).>HNMR(CDC1 3 , 400 MHz) 8 6.18 (dd, J- 15.1, 10.5 Hz, 1H), 6.03 (ddd, 5.0 
,0 06 >3Hz 1H) 572(dd,7.14.9,6.9Hz,lH),5.61(dd,y.l5..,6.4Hz,lH),4.30 (q ,y= 

Hz) 6 132 5 31.1, 130.7, 130.0, 81.7, 72.1, 70.1, 28.9, 26.1, 18.4, -2.7; IR (film) v„» 3313, 

15 ^Lftheter^ 

•C was addedasolutionofBuLi^Minhexane, 41.5 mL, 66.4 mmo.). After 45 nun, excess 
crosheddryicewasaddedandmereacuonwasallowedtowanntoroomtemperature. The 

solution was acidified by addition of 0.5 M aqueous citric acid (300 mL). The 
20 se P ara,ed,andu,ea q ue„us,ayerwase Xtt actedwi U taddi n onalE. J O(300 I nL X 2). The 

combined organic .ayers were dried (MgSO,), filtered and concentrated in vacuum. The restdue 
waspurifiedby fl ashchroma,ogra P hy( S ihca,5C,/..ol00%E.OAcinhexane).og,ve*e 

product as a light yellow solid (17.5 g, 99%). 'H NMR (CDCI3, 400 MHz) 5 6.19 (dd 
04 Hz .H), 6.03 (ddd, J- 14.9, 10.6, 1.3 Hz, 1H), 5.75 (dd, J- .5.0, 6.8 Hz, 1H), 5.55 (dd / 

(..^aiaao.^^^NMR^ioo^.^uu^im^ 

71.4, 29.3, 26.0, 18.4, ,8.3, -4.3, -4.7; IR (film) 2956, 2930, 2857, 2242, .689, 1281, .257, 
1080; ESIMS mil 317 «M + Na + ], C 16 H*Na0 3 Si requires 317). 


Page 83 of 121 


10 


15 


YYfS 


OTBS 8 


20 


AU^oic ester 8. To a so.ution of DIAD (14.7 mL, 72.9 mmol) in dry THF (350 mL) was added 
Ph,P (15 8 g, 60.2 mmol), and the mixture was stirred at room temperature for one hour. At -20 
•C a solution of acid 6 (13.1 g, 44.4 mmol) in 100 mL THF was added. After 15 min, a soluuon 
of aleohol 7 (4.0 g, 3 1 .7 mmol) in 1 50 mL THF was added, and stirring was contmued for 2 

hours at -20 °C. The reaction was quenched by addition of 250 mL of pH 7.2 phosphate buffer, 
foUowedbywa m in g toroomtempera t ureanddilunngwithE.OAc(1.5L).Thelayer S were 

separated, and the aqueous layer was extracted with EtOAc (2 x 250 mL). The combined orgamc 
,ayers were washed with brine (250 mL), dried (Na,S0 4 ), filtered and concentrated in vacuum. 
The residue was purified by flash chromatography (silica, 50:1-20:1 hexanes/EtOAc) to gtve 
ester 8 as amixture of two inseparable diastereoisomers (5.9 g, 47%). 'HNMR (CDC1 3 , 400 
MHz) 5 6.17 (dd, 7= 15.1, 10.5 Hz, 1H), 6.03 (ddd, 7= 12.3, 10.6, 1.4 Hz, 1H), 5.70 (dd, J- 
,4 8 6 8 Hz, 1H), 5.55 (dd, 7= 15.2, 6.4 Hz, 1H), 5.37 (ddd, 7= 17.1, 10.2, 8.7 Hz, 1H), 5.06 (q, 
/- 6 4Hz 1H), 5.03 (dd, 7= 17.0, 1.5 Hz, 1H), 4.84 (dd,7= 10.2, 1.6 Hz, 1H), 4.34 (,,7-6.4 
Hz 1H), 2.56-2.42 (m, 2H), 1.76 (d,7= 6.8 Hz, 3H), 1.57-1.53 (m, 2H), 1.29 (d,7= 6.4 Hz, 
IK) 1 20-1.10 (m, 1H), 0.90 (s, 9H), 0.79-0.68 (m, 1H), 0.65-0.57 (m, 2H), 0.10, 0.05 (2s, 6H); 
»CNMR(CDCU, 100 Hz) 8 154.5, 141.4, 131.8, 131.1, 130.8, 130.4, 112.1, 86.2, 74.9, 73.0, 
7! 5 39 7 29.2, 26.0, 22.4, 19.8, 18.4, 18.3, 17.2, 13.7, -4.3, -4.7; IR (film) 2955, 2930, 
2856, 2238, 1710, 1253, 1068; ESIMS mk 437 ([M + Cf], C 24 H„C10 3 Si requires 437); HRMS 
(FAB*) mlz 403.2687 ([M + H]\ CwHjsOjSi requires 403.2668). 


25 



« cocoas 

I CO 
CO 9 


Cobalt complex 9. To a solution of acid 6 (192 mg, 0.653 mmol) and 5-hexen-l-o. (0.118 mL, 
0 979 mmol) in dry OfcCh (3 mL) was added EDCI (150 mg, 0.784 mmol) and 4- 
(dim«hylamino)pyridine (8.0 mg, 0.065 mmol). After 3 hrs a. room temperature, the reactton 
mixture was loaded on PTLC plates and purified (12:1 hexane/EtOAc) to give the model ester 
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(146 mg 59%). 'H NMR (CDCI3, 400 MHz) 5 6.18 (dd, / - 15.1. 10.5 Hz, 1H), 6.04 (ddd, J- 
15.0, 10.V 1.5 Hz, 1H), 5.79 (ddt, 17.1, 10.3, 7.2 Hz, 1H), 5.71 (dq, 15.0, 6.8 Hz, 1H^ 
5 56 (dd, J- 15.1, 6.4 Hz, 1H), 5.03 (dq, 17.1, 1.6 Hz, 1H), 4.97 (dd, J- 10.2, 1.6 Hz, 1H), 
4 35 (q, / - 6.3 Hz, 1H), 4.16 (t, 6.6 Hz, 2H), 2.57-2.44 (m, 2H), 2.09 (q, 7 = 7.2 Hz, 1H) 
177 (d /- 6 9 Hz, 3H), 1.74-1.63 (m, 2H), 1.52-1.44 (m, 2H), 0.90 (s, 9H), 0.10, 0.06 (2s, 6H); 
"CNMR (CDCb, 100 Hz) 6 154.0, 138.4, 131.8, 131.1, 130.8, 130.5, 115.1, 86.6, 74.6, 71.5, 
65 9 33 4 29.3, 28.1, 26.0, 25.3, 18.4, 18.3, -4.3, -4.7; IR (film) v. 2955, 2930, 2856, 2238, 
1713, 1249, 1072; ESIMS mlz 399 ([M + Na+], C 22 H 36 Na0 3 Si requires 399). HRMS (FAB+) m/z 
375 2363 ([M - H] + , C 2 2H350 3 Si requires 375.2355). 

To a solution of the above alkynoic ester (77.8 mg, 0.207 mmol) in toluene (9 mL) was added 
Co 2 (CO) 8 (99.0 mg, 0.289 mmol). The mixture was stirred at room temperature for 45 mm, and 
then concentrated in vacuum. The dark residue was purified by PTLC (15:1 hexane/EtOAc)to 
give cobalt complex 9 (117.5 mg, 86%) as a red oil. *H NMR (CDCI3, 400 MHz) 5 6.17 (dd, /= 
15 3 10.6 Hz, 1H), 6.03 (ddd, J= 15.3, 1 1.3 Hz, 1H), 5.68 (dd, J= 14.9, 6.9 Hz, 1H), 5.61 (dd, / 
= 15 2 6.8 Hz, 1H), 5.38 (ddd, J= 17.1, 10.1, 8.7 Hz, 1H), 5.10 (q, / - 6.4 Hz, 1H), 5.04 (dd, J = 
17 1 1 3 Hz 1H), 4.85 (dd, J= 10.3, 1.4 Hz, 1H), 4.41, (m, 1H), 3.20-3.15 (m, 2H), 1.76 (d, J = 
6 7 Hz! 3H),' 1.59 (t, J = 6.6 Hz, 2H), 1.32 (d, J= 6.2 Hz, 3H), 1. 22-1.17 (m, 1H), 0.90 (s, 9H), 
0 82-0 72 (m, 1H), 0.66-0.59 (m, 2H), 0.09, 0.08 (2s, 6H); > 3 C NMR (CDCI3, 100 Hz) 8 198.7, 
169 2 141 4, 134.3, 132.5, 132.4, 132.2, 131.0, 130.2, 128.8, 127.2, 127.1, 112.0, 93.0, 81.0, 
73 7 73 6, 73.1, 40.0, 26.1, 22.4, 19.9, 18.6, 18.4, 17.4, 13.9, 13.5, -4.2, -4.3, -4.6; IR (film) 
2956, 2930, 2858, 2097, 2058, 2029, 1703, 1221, 1065; ESIMS m/z 685 ([M + Na + ], 
C 28 H 3 6Co 2 Na0 9 Si requires 685). 


25 


00 CO Co OTBS 

rco 

CO 10 


RCM product 10. To a solution of cobalt complex 9 (16 mg, 0.024 mmol) in dry CH 2 C1 2 (120 
mL) was added tricyclohexyl phosplune[l>bis(2A6-t r imemyl P hen y lH,5^ydroimidazo..2- 
ylid«„e]-[bezyli-dene] ruthenium(IV) dichloride (seeond generation Grubbs catalyst) (6.1 mg, 
0 0072 mmol). The resulting solution was heated to 45 °C for 1 hr and 10 min, &e» cooled to 
room temperature and filtered through a plug of silica gel. The so.ven. was removed under 
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reduced pressure. The residue was purified by PTIX (1 5: 1 hesane/EtOAc) .o give cyclic product 
,0 (10 5 mg, 71%). 'H NMR (CDC, 400 MHz) 5 6.44 (dd, /- 15.3, 10.8 Hz, 1H), 5.97 (t, J- 
,0.8 Hz, 1H), 5.58 (dd./- .5.4, 7.5 Hz, ,H), 5.54 .0.1, 4.5 Hz, 1H), 4,7-4.47 K 2*,, 
4 25-4.20 (m, 1H), 3.45-3.36 (m, 2H), 2.45-2.37 (m, .H), 2.13-1.05 (m, 1H), 1.99-1.79 (m, 1H), 
, 80-1.62 (m, 2H), 1.5,-1.4, (m, ,H), 0.92 (s, 9H), 0..1, 0.08 (2s, 6H); "C NMR (CDCfc 100 
Hz) 8 199.9, 170.4, 135.2, 132.7, 129.0, 127.1, 92.8, 77.4, 73.1, 65.0, 45.2, 26.4, 26.1, 25.4, ,8.5, 
,.2, -4.2, -4.6; IR (film) 2955, 2930, 2857, 2098, 2059, 2027, 1702, 1213, ,057; ESIMS «A 
643 ([M + Na 4 ], C 2 5HjoCo 2 Na0 9 Si requires 643). 

11 OTBS 

Model cyclic afcyne ,1. To a solution of compound 10 (35.6 mg, 0.0574 mmol) in acetone a, -10 
•C was added ammonium cerium (IV) nitrate (189 mg, 0.344 mmol) portionwise. After ,0 mm 
at -10 °C the reaction was quenched by addition of diisopropylethylamine (0.18 mL, 1.03 
mmol). The resulting mixture was filtered through a plug of neutral alumina, and the solvent was 
removed under reduced pressure. PurificationbyPTLC(15:l hexaneffitOAOaffordedcychc 
alkyne 11 (17.6 mg, 92%). >H NMR (CDCU, 400 MHz) 5 6.64 (dd, 15.5, 1 1.1 Hz, 1H), 6.07 
(t J= 11.0 Hz, 1H), 5.53 (dd./ - 15.5, 7.1 Hz, lH),5.40(d^= 10.4, 4.8 Hz, 1H),), 4.41-4.25 
(m 2H), 4.06-4.01 (m, 1H), 2.69-2.62 (m, ,H), 2.56 (dd, /- ,7.1, 4.4 Hz, 1H), 2.46 (dd, J- 
XIX 9 5 Hz, 1H), 2.26-2.21 (m, ,H), 1.75-1.61 (m, 4H), 0.89 (s, 9H), 0.08, 0.07 (2s, 6H); C 
NMR (CDC.3, 100 Hz) 5 153.9, 133.2, 132.9, ,28.5, 128.2, 87.7, 77.0, 72.9, 68.0, 29.0, 28.2, 
26 7 26 0, 25.6, 18.3, -4.3, -4.7; IR (film) 2954, 2929, 2857, 2238, 1716, 1245, 1110, 1075, 
837; ESIMS m/z 357 ([M + Na 4 ], CftoNaO,* requires 357). HRMS(FAB*) m/z 333.1888 ([M 
- H] + , CifeOsSi requires 333.1886). 


25 
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Diels-Alder product 13. Cyclic alkyne 11 (27 mg, 0.081 mmol) and excess diene 12 (0.30 mL, 
0 90 mmol) were mixed and heated in a sealed vial to 140 °C for 48.5 hours. The mixture was 
cooled to room temperature, loaded onto a PTLC plate, and purified (4: 1 hexane/EtOAc) to 
afford aromatic product 13 (20 mg, 60%). >H NMR (CDCb, 400 MHz) 8 11.64, (s, 1H), 6.38 
(dd J- 15-4, 10.9 Hz, 1H), 6.35 (d, /- 2.6 Hz, 1H), 6.30 (d, J= 2.6 Hz, 1H), 6.23 (t, 7= 10.6 
Hz' 1H) 5.95 (s, 1H), 5.78 (dd. J - 15.3, 8.4 Hz, 1H), 5.60 (q, J= 9.9 Hz, 1H), 4.69 (q, J= 9.1 
Hz' 1H)' 4 12 (t, J= 8.5 Hz, 2H), 3.63 (d, J= 13.0 Hz, 1H), 2.62 (dd, 7= 13.1, 8.9 Hz, 1H), 
2 50-2 40 (m, 1H), 2.12-2.05 (m, 1H), 1.87-1.76 (m, 2H), 1.56-1.44 (m, 2H), 0.78 (s, 9H), - 
0 20 -0.25 (2s, 6H); 13 C NMR (CDC1 3 , 100 Hz) 5 172.2, 165.7, 160.3, 144.8, 135.4, 131 .0, 
129 9 126.0, 1 13.0, 105.3, 102.2, 78.7, 64.3, 46.6, 25.9, 24.2, 23.7, 23.0, 18.4, -4.7, -5.0; IR 
(film) 3380, 2954, 2929, 2856, 1648, 1620, 1254, 1169, 1106, 1061, 837; ESIMS m/z 441 
([M + Na + ], C 23 H 34 Na0 5 Si requires 441). HRMS (FAB+) m/z 418.2173 ([M] + , C 23 H 34 0 5 Si 
requires 418.2176). 
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CO 14 


Cobalt complex 14. To a solution of alkyne 8 (526 mg, 1.31 mmol) in toluene (60 mL) was 
added Co 2 (CO) 8 (625 mg, 1.83 mmol). The mixture was stirred at room temperature for 30 mm, 
and the solvent was removed under reduced pressure. The dark residue was purified by flash 
chromatography (silica, 0 to 5% EtOAc in hexane) to give cobalt complex 14 (902 mg, 100%) as 
an inseparable mixture of two diastereomers. >H NMR (CDCb. 400 MHz) 5 6.17 (dd. J- 1 5.3, 
10 6 Hz, 1H), 6.03 (ddd, J= 15.3, 1 1.3 Hz, 1H), 5.68 (dd, J= 14.9, 6.9 Hz, 1H), 5.61 (dd, J= 
15 2 6.8 Hz, 1H), 5.38 (ddd, 7= 17.1, 10.1, 8.7 Hz, 1H), 5.10 (q, / - 6.4 Hz, 1H), 5.04 (dd, /= 
17 113 Hz, 1H), 4.85 (dd, /= 10.3, 1.4 Hz, 1H), 4.41, (m, 1H), 3.20-3.15 (m, 2H), 1.76 (d, J= 
6 7 Hz, 3H), 1 .59 (t, J = 6.6 Hz, 2H), 1.32 (d, 7= 6.2 Hz, 3H), 1. 22-1.17 (m, 1H), 0.90 (s, 9H), 
0 82-0 72 (m, 1H), 0.66-0.59 (m, 2H), 0.09, 0.08 (2s, 6H); ,3 C NMR (CDC1 3 , 100 Hz) 5 198.7, 
169 2 141.4, 134.3, 132.5, 132.4, 132.2, 131.0, 130.2, 128.8, 127.2, 127.1, 112.0, 93.0, 81.0, 
73.7, 73.6, 73.1, 40.0, 26.1, 22.4, 19.9, 18.6, 18.4, 17.4, 13.9, 13.5, -4.2, -4.3, -4.6; IR (film) v M 
2956, 2930, 2858, 2097, 2058, 2029, 1703, 1221, 1065; ESIMS m/z 711 ([M + Na + ], 
C 3 oH 38 Co2Na0 9 Si requires 711). 
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RCM product 15. To a solution of alkyne-cobal. complex 14 (67 mg, 0.097 mmo.) in dry CH 2 CU 
(485 mL) was added tricyclohexyl phosphine[l,3-bis(2,4,6-trimeth y lphenylH,5- 
dmydroimidazol-2-ylidene] [bezylidene] m<henim(lV) dichloride (second generation Grubbs 
catalyst) (21 mg, 0.025 mmol). The resutag mixture was heated to 45 «C for 1.5 hours, and 
filtered through a short column of silica gel. The filtrate was concentrated in vacuum. The 
residue was purified by PTLC (15:1 hexanes/EtOAc) to give cyclic product 15 as a 2:1 mixture 
of two separable diastereomers. Major isomer (23.1 mg, 37%): 'H NMR (CDC1 ; , 400 MHz) 8 
6 49 (dd,, = 15.4, >0.9 Hz, 1H), 5.84 M " 10.6 Hz, 1H), 5.50 («. 7 - 15.4, 8.5 Hz, 1H), 5 06 
, dd / - 10.5, 6.9 Hz, 1H), 5.02-4.94 (m, 1H), 4.81-4.75 (m, 1H). 3.48-3.36 (m, 2H), 2.22-2.25 
m'lH), 1.58-1.50 (m, 1H), 1.50-1.46 (m, 1H), 1.32 (d, J- 6.2 Hz, 3H), 0.91 (s, 9H), 0.90-0,0 
(m 1H), 0.89 (s, 9H), 0.67-0.63 (m, 1H), 0.59-0.55 (m, 1H), 0.12, 0.09 (2s, 6H); CNMR 
(CDC1„ 100 Hz) 8 199.0, 170.4, 135.7, 134.9, 129.2, 127.8, 92.0, 77.5, 72.5, 72.1, 45.5, 38.0, 
26.1, 10.3, 18.4, 16.4, 16.0, -4.2, -4.6; * (film, v„» 2955, 2928, 2854, 2097, 2060, 2029, 1692, 
1232 1056- ESIMS mh 669 ([M + Na*], CHrfOiNaCSi requires 669); [af „ -127 (c 0.1 1, 
CHCU) Minor isomer (12.6 mg, 20%): 'H NMR (CDCU, 500 MHz) 8 6.60 (dd, J- 15.7, 9.9 Hz, 
,H) 5 86 (., / - 10.3 Hz, 1H), 5.81 (dd, /= 15.7, 4.4 Hz, 1H), 5.12-5.05 (m, 1H), 4.99 ft / - 9.9 
Hz 1H), 4.46-4.44 (m, 1H), 3.58 (dd, /= 15.3, 9.4 Hz, 1H), 3.32 (dd. / - 15.3, 4.2 Hz, 1H), 2.16 
(dt' ,-15 3, 4.2 Hz, 1H), 1.65-1.59 (m, 2H), 1.36 <d,,= 6.5 Hz, 3H), 0.94 (s, 9H), 0.64-0.59 
(m 2H), 0.14 (s, 6H); "C NMR (CDCb, 125 Hz) 5 198.6, 169.7, 135.9, 132.6, 126.8, 126.5, 
920 80.7,73.4,73.0,41.8,37.7,26.1, 19.3, 18.5, 18.4, 15.1, 13.7, -4.5, -4.6; IR (film) v™ 
2929, 2856, 2097, 2059, 2028, 1702, 1220, 1059; ESIMS mh 669 ([M + Na1, C 27 H !2 Co 2 NaO,S. 
requires 669). [otfo +48 (c 0.19, CHClj). 
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15 


« • • _«, r „fi« m 1 me 0 0358 mmol) was dissolved in dry THF (1 
Cyclic alkyne 16. The major isomer of 15 (23. l mg, u.u^o j 

m L) At 0 °C, a solution oft (135 mg, 0.536 nunc.) in THF (5 mL) was added After 35 minutes 
„ 0 -C the reaction was quenched by the addition of a 2 mL 1:1 mixture of sat aqueous 
Na 2 S 2 0) and NaHCO,, followed by warming to room temperature and diluting with EtOAc (20 

,.a thf nrsanic laver was washed with sat. aqueous NH4CI, 
mL) The layers were separated, and the organic layer was 

dried (Na 2 S0 4 ), filtered and concentrated. The residue was purified by PTLC (15:1, 
iL^tocychca^^ 

8 6 70 (dd, J- 15.6, 11.1 Hz, 1H), 5.98 (t, J~ 10.8 Hz, 1H), 5.51 (dd, J = 15.6, 7.7 Hz, 1H), 
5.20-5.14 (m, 1H), 4.92 (U - 10.7 Hz, 1H), 4.38-4.33 (m, 1H), 2.59 (dd, /- 16.8, 4.3 Hz 1H), 
2 4, (dd./- 16.7, 10.9 Hz, 1H), 2.07 (dt,/= 1«. 1.8 Hz, 1H), 1.74-1.67 (m, 1H), 1.33 (d,/= 
6 5 Hz, 3H), 1.19-1.12 (m, 1H), 0.93-0.87 (m, 1H), 0.89 (s, 9H), 0.69-0.65 (m, 1H), 0.63-0.58 
(» 1H), 0.07 (s, 6H); "C NMR (CDC1„ 100 Hz) 6 153.4, 136.5, 132.5, 128.3, 125.4, 85.7, 77.4, 
73 8 72 0 38.6, 29.2, 26.0, 20.4, .8.4, 18.2, 14.6, 12.8; IR (film) 2954, 2928, 2856, 2238, 
1706 1252 1 105, 1072, 1004; ESBMS mh 383 ([M + Na*], C 21 H )2 Na0 3 Si requires 383); HRMS 
(FAB*) mlz 360.2130 ([M]*, C 2 ,H 32 C,Si requires 360.2121). [af „ +56 (c 0.95, CHCU). 



OH 17 


20 


25 


Diels-Alder product 17. Compound 16 (156 mg, 0.43 mmol) was dissolved in diene 12 (0.75 mL, 
2 3 mmol) and heated to 140 »C in a sealed vial for 66 hours. The reaction mixture was cooled .0 
room temperature and purified by PTLC (4:1, hexanes/EtOAc) to give 17 (143 mg, 75%). H 
NMR (CDCb, 400 MHz) 5 11.58 (s, 1H), 6.56 (dd, / = 15.9, 9.3 Hz, 1H), 6.38 (d, / = 2.4 Hz, 
1H), 6.33 (d, J- 2.4 Hz, 1H), 5.94 «,/= 9.5 Hz, 1H), 5.68 (dd, /= .5.9, 6.8 Hz, 1H), 5.46-5^43 
(m 1H), 5.34 (dd./ - .0.1, 4.3 Hz, 1H), 4.51 (q, J- 6.7 Hz, 1H), 3.79 (dd, J = 13.6, 6.2 Hz, 
H) 2 81 (dd,/- 13.1, 8.9 HZ, 1H), 1.99-1.8. (m, 2H), 1.44 (d, J- 6.5 Hz, 3H), 1.21-1.13 (m, 
,H) 0.93-0.87 (m, 1H), 0.88 (s, 9H), 0.58-0.51 (m, 2H), -0.02 (s, 6H ); "C NMR (CDCU, 100 
Hz) 5 164.8, 160.5, 143.8, ,34.8, 133.7, 129.6, 128.0, 112.3, 106.1, 102.1, 75.7, 72.9, 42.6, 38.0, 
26 1 .8 7, 18.4, 16.4, 16.1, 14.8, 1.4, -4.4, 4* IR «W *W 3376, 2954, 2928, 2856, 1644, 
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1619 1257, 1062, 835; ESMS m/z 467 ([M + Na + ], C 25 H 36 Na0 5 Si requires 467). HRMS 
(FAB+) m/z 444.2336 ([M] + , C 25 H 36 0 5 Si requires 444.2332). [af D +3.1 (c 1 .3, CHCU). 


20 



OAc 18 


To a solution of 17 (243 mg, 0.546 mmol) in anhydrous DMF (13.5 mL) was added acet,c 
anhydride (2.9 mL) and ^(dimeftylammo^yridine (12.0 mg, 0.0546 mmol) sequentially. After 
30 min at room temperature, the reaction was quenched by addition of 50 mL of pH 7.2 
phosphate buffer. The resulting mixture was diluted with EtOAc (75 mL), separated and the 
aqueous layer was extracted with additional EtOAc (2 x 50 mL). The combined organic .ayers 
were washed with 5% aqueous Nad (2 x 45 mL). The combined washings were extracted wth 
EtOAc (2 x 30 mL). The combined organic layers were washed with sat. aqueous Nad (30 mL), 
dried (Na 2 S0 4 ), filtered and concentrated. Purification of the residue by PTLC (4:1 
hexane/EtOAc) gave diacetate 18 (250 mg, 87%). 'H NMR (CDC1 3 , 400 MHz) 8 6.96 (d, / - 2.1 
Hz 1H), 6.88 (d, J- 2.1 Hz, 1H), 6.59 <*U- 16.0, 10.5 Hz, 1H), 5.89 (t./- 10.5 Hz, 1H), 
5 66 (dd, J. 16.1, 4.9Hz, 1H), 5.26-5.23 (m, 2H), 4.51 (q,/= 5.8 Hz, 1H), 3.12-3.02 (m, 2H), 
2.28, 2.23 (2s, 6H), 1.47 (d,/= 6.2 Hz, 3H), 1.46-1.39 (m, 1H), 1.14 (ddd, J = 14.9 10.1, 2.0 
Hz 1H) 0.96-0.87 (m, 1H), 0.87 (s, 9H), 0.52-0.48 (m, 2H), -0.01, -0.02 (2s, 6H); CNMR 
(CDCb, 100 Hz) 5 168.6, 168.4, 166.4, 151.4, 148.7, 139.1, 135.9, 133.6, 129.2, 127.2, 125.6, 
120 4 114 7, 73.8, 73.2, 43.2, 40.0, 26.0, 21.3, 21.0, 19.3, 18.3, 16.9, 16.2, 17.7, -4.6, -4.7; IR 
(film) v_ 2954, 2928, 2856, 1775, 1720, 1612, 1 191, 1 134, 1069; ESMS m/z 551 ([M + Na*], 

requires 551); HRMS (FAB*) m/z 528.2569 ([Mf, C^CSi requires 
528.2543). [afo -38 (c 1.1, CHCU). 



OH 19 


25 


Cyclopropamonocillin 19. To a solution of diacetate 18 (250 mg, 0.473 mmol) in THF (10.2 mL) 
at 0 °C was added pyridine (3.4 mL) and HF-Pyridine complex (1.7 mL) sequentially. The 
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resulting mixture was stood a, room temperature for 10.5 hrs. TMSOMe (30 mL) was added, 
and stirring was continued for 45 min to quench me remaining HF. The solvent were removed 
under reduced pressure. The alcohol isolated was dried under high vacuum, and dissolved m 
CHW, (15 mL) and cooled to 0 °C. Dess-Martm periodinane (301 mg, 0.710 mmol) was added, 
5 andmeresultingmixture was stirred at room temperature for 15 min. The solution was then 
directly loaded on PTLC plates and purified (1:1 hexane/EtOAc) to give the desired ketone (133 
mg 68%). H NMR (CDCh, 500 MHz) 5 8.01 (dd, J- 16.1, 11.3 Hz, 1H), 6.97 (d, 7= 1.4 Hz, 
1H) 6 92 (d, J- 2.0 Hz, 1H), 6.20 (W- 10.4 Hz, 1H), 5.96 (d. J - 16.0 Hz, 1H), 5.60 («./- 
10 0 7.2 Hz, 1H), 5.47-5.41 (m, 1H), 4.20 (d, 7= 13.8 Hz, 1H), 3.77 (d, /- 13.8 Hz, 1H), 2.31 
10 (ft )- 15.3, 4.4 Hz, 1H), 2.25, 2.24 (2s, 6H), 1.73-1.71 (m, 1H), 1.50 (d, J- 6.5 Hz, 3H), 1.26- 
1 21 (m 1H), 1.00-0.97 (m, 1H), 0.75-0.69 (m, 2H) ; »C NMR (CDC1 3 , 125 Hz) 6 198.4, 168.5, 
165 0 152.1, 149.2, 145.6, 143.7, 135.7, 129.6, 128.8, 124.6, 119.1, 115.6, 72.8,43.0, 38.3, 21.2, 
!8 2 16 7 16.5, 15.6; IR (film) v_ 2928, 1774, 1728, 1657, 1621, 1586, 1290, 1190, 1132, 
1029; ESMS «ft 435 ([M + Na*], C^aO, requires 435); HRMS (FAB*) mlt 413.1616 ([M 
15 +Hf CmHmO, requires 413.1600). [of D -269 (c 1.43, CHCU). 

The above ketone (169 mg, 0.409 mmol) was dissolved in 26 mL 1:1 MeOHand 5% aqueous 
NaHCO, and stirred at room temperature for 14 hrs to remove the phenolic acetates. The 
resulting solution was diluted with sat. aqueous NH.C1 (80 mL) and EtOAc (100 mL) and 
separated. The aqueous layer was extracted with additional EtOAc (3 x 75 mL). The combmed 
20 organic layers were dried (Na 2 S0 4 ), filtered and concentrated in vacuum. Purification by PTLC 
(1 • 1 hexane/EtOAc) provided 19 (124 mg, 92%). «H NMR (CDCU, 500 MHz) 5 1 1 .33 (s, 1H), 
8 36 (dd, J= 16.1, 11.7 Hz, 1H), 6.48 (d, /= 1.6 Hz, 1H), 6.40 (d, 7= 2.5 Hz, 1H), 6.20 (t, J= 
1 1 3 Hz 1H), 6.01 (d, 7= 15.9 Hz, 1H), 5.72 (dd, 7= 9.8, 6.2 Hz, 1H), 5.49-5.45 (m, 1H), 5.32 
(d .7- 13.6 Hz, 1H), 3.51 (d, J= 13.7 Hz, 1H), 2.31 (ft./- 15.8, 3.3 Hz, 1H), 1.61-1.55 (m, 
25 1H), 1.55 (d, 6.7 Hz, 3H), 1.32-1.28 (m, 1H), 1.03-0.97 (m, 1H), 0.74-0.72 (m, 1H), 0.64- 
0 63 (m, 1H); ,3 C NMR (CDCU, 125 Hz) 5 201.8, 170.1, 165.6, 161.6, 145.3, 139.2, 129.5, 
128.5, 109.4, 104.5, 102.7, 73.5, 43.2, 27.6, 17.9, 17.2, 15.9, 13.9; IR (film) v„ 3260, 1650, 
1618, 1586, 1447, 1259, 1160, 1099, 996, 854; ESTMS m/z 351 ([M+Na + ], C„H 2 „Na0 5 
requires 35i); HRMS (FAB 4 ) m/z 329.1382 ([M + HT\ C,*,O s requires 329.1389). (+)-(*. R, 
30 S>19: [a] 2S D -189 (c 0.77, OfcCh). 
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OH 2 


Cycloproparadicicol 2. Compound 19 (26.5 mg, 0.081 mmol) was dissolved in dry CH 2 C1 2 (5 
mL) and cooled to 0°C. A solution of S0 2 Cl 2 inCH 2 Cl 2 (4.5 mL, diluted from 0.123 mL 1 M 
solution in CH 2 C1 2 , 0.123 mmol) was added dropwise. After 45 minutes, the reaction was 
5 quenched by the addition of 5 mL of 5% NH4CI, and diluted with CH 2 C1 2 . The layers were 
separated, and the organic phase was washed with brine, dried (MgS0 4 ), filtered and 
concentrated in vacuum. Purification of the residue by PTLC (3:1, hexanes/EtOAc) gave 2 as a 
white solid (17.8 mg, 61%). ! H NMR (CDCI3, 500 MHz) 5 10.89 (s, 1H), 8.00 (dd, J= 15.9, 
11.3 Hz, 1H), 6.63 (s, 1H), 6.42 (s, 1H), 6.13 (t, J= 11.2 Hz, 1H), 6.04 (d,/= 16.3 Hz, 1H), 5.62 
10 (dd, J = 9.9, 5.8 Hz, 1H), 5.46-5.42 (m, 1H), 4.90 (broad d, J = 15.9 Hz, 1H), 3.77 (bs, 1H), 2.22 
(dU- 15.8, 3.2 Hz, 1H), 1.60-1.52 (m, 1H), 1.48 (d, 7= 6.7 Hz, 3H), 1.15-1.11 (m, 1H), 0.90- 
0.85 (m, 1H), 0.69-0.65 (m, 1H), 0.57-0.54 (m, 1H); ,3 C NMR (CDCI3, 125 Hz) 8 199.2, 169.4, 
162.7, 155.6, 143.5, 142.5, 136.9, 129.9, 128.9, 115.6, 107.8, 103.5, 74.4, 46.4, 37.4, 17.9, 17.3, 
15.6, 13.6; IR (film) v M 3341, 1716, 1651, 1609, 1578 cm 1 ; ESMS m/z 385 ([M + Na + ], 
15 C 19 H 19 Na0 5 Cl requires 385); HRMS (ESI) m/z 385.0820 ([M + Na + ], C 19 H 19 Na0 5 Cl requires 
385.0819). (+)-(#, R, S)-2: [a] 25 D +69 (c 0.87, CH 2 C1 2 ). 
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Example 3-In vitro and In vivo Testing 


Cell Culture Experimental: 

The human cancer cell lines MCF7, BT474 and N417 were obtained from the American 
Type Culture Collection (Manassas, VA, USA) and maintained in a 1 :1 mixture of DME:F12 
supplemented with 2mM glutamine, 50 U/mL penicillin, 50 U/mL streptomycin and 5% heat 
25 inactivated fetal bovie serum (Gemini Bioproducts) and incubated at 37 °C in 5% C0 2 . 


Protein Assays: 


Page 92 of 121 


Cells were grown to 60-70% confluence and exposed to drugs or DMSO vehicle for the 
indicated time periods. Lysates were prepared using 50mM Tris pH 7.4, 2% SDS and 10% 
glycerol lysis buffer. Protein concentration was determined using the BCA kit (Pierce Chemical 
Co.) according to the manufacturer's instructions. Clarified protein lysates (20-50 |ig) were 
electrophoretically resolved on denaturing SDS-PAGE, transferred to ntirocellulose and probed 
with the following primary antibodies: anti-Her2 (C-18). 

Antiproliferative Index: 

Growth assays were performed by seeding 10000 cells (MCF7, BT474 or N417) per well 
in 6-welldishes and incubating for 24 h before drug treatment. Drugs or vehicle were 
administered as outlined for each experiment, and cells were incubated for the time periods 
depcited and then the number quantified by a Coulter counter. 

Flow Cytometry: 

Cell cycle distribution was assayed according to Nusse et al. with a Becton Dickinson 
fluorescence-activated cell sorter and analyzed by a Cell Cycle Multi-cycle system (Phoenix 
Flow System, San Diego, CA, USA). 

In vivo activity: 

Although a variety of methods known in the art can be utilized, one exemplary method by 
which the in vivo activity of the inventive compounds is determined is by subcutaneously 
transplanting a desired tumor mass in mice. Drug treatment is then initiated when tumor mass 
reaches approximately 100 mm 3 after transplantation of the tumor mass. A suitable composition, 
comprising any one inventive compounds described above, including classes thereof, subclasses 
thereof, or species thereof, optionally further comprising a pharmaceutical^ acceptable carrier 
and optionally further comprising an additional therapeutic agenthas, is then administered to the 
mice, preferably in saline and also aciministered once a day at doses in the range of 0.001 mg/kg, 
to about 50 mg/kg, although it will be appreciated that other doses can also be administered, as 
described herein (e.g., 0.01 mg/kg to about 25 mg/kg of body weight, or 0.1 mg/kg to about 10 
mg/kg of body weight), or, in some embodiments, at dosages in the range of about 50 mg/kg to 
about 100 mg/kg, or dosages below 0.001 mg/kg. Body weight and tumor size are then 


Page 93 of 121 


measured daily and changes in percent ratio to initial values are piotted. In ~ ^ *» 
weigh, reaches 10% of the body weight of the oancer-beanng mouse, or the cancer-beanng 

(For additional guidance on mouse models see, m ,h-r nn nih ^mrnh^an models , 

incorporated herein by reference). 
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